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ATGGCGTACTACCATCACCATCACCATCACTCTAGATCAACAAGTTTGTACAAAAAAGCAGGCTCTTTAAAGG
AACCAATTCAGTCGACTGGATCCGGTACCGAATTCGCCACCATGCAGGATGTCCAAGGCCCCCGTCCCGGA
AGCCCCGGGGATGCTGAaGACCGGCGGGAGCTGGGCTTGCACAGGGGCGAGGTCAACTTTGGAGGGTCTG
GGAAGAAGCGAGGCAAGTTTGTACGGGTGCCGAGCGGAGTGGCCCCGTCTGTGCTCTTTGACCTGCTGCTT
GCTGAGTGGCACCTGCCGGCCCCCAACCTGETGGTGTCCCTGGTGGGTGAGGAGCAGCCTTTCGCCATGA
AGTCCTGGCTGOGGGATGTGCTGCGCAAGGGGCTGGTGAAGGCGGCTCAGAGCACAGGAGCCTGGATCCT
GACCAGTGCCCTCCOCGTGGGCCTGECCAGGCACGTCGGGCAGGCCGTGCOCGACCACTCGCTGGOCAG
CACGTCCACCAAGGTCCGTGTGGTTGCTGTCGGCATGGCCTCGCTGGGCCGCCTCCTGCACCGCCGCATT
CTGGAGGAGCCCCAGGAGGATTTTCCTGTCCACTACCCTGAGGATGACGGCGGCAGCCAGGGCCCCCTCT
GTTCACTGGACAGCAACCTCTCCCACTTCATCCTGGTGGAGCCAGGCCCCCCGGGGAAGGGCGATGGRET
GACGGAGCTGCGGCTGAGGCTGGAGAAGCACATCTCGGAGCAGAGGGCGGGCTACGGGGGCACTGGCAG
CATCGAGATCCCTGTCCTCTGCTTGCTGGTCAATGGTGATCCCAACACCTTGGAGAGGATCTCCAGGGCCGT
GGAGCAGGCTGCCCCGTGGCTGATCCTGGTAGGCTCGGGGEGGCATCGCCGATGTGCTTGCTGCCCTAGTG
AACCAGCCCCACCTCCTGGTGCCCAAGGTGGCCCGAGAAGCAGTTTAAGGAGAAGTTCCCCAGCAAGCATTT
CTCTTGGGAGGACATCGTGCGCTGGACCAAGCTGCTGCAGAACATCACCTCACACCAGCACCTGCTCACCG
TGTATGACTTCGAGCAGGAGGGCTCCGAGGAGCTGGACACGGTCATCCTGAAGGCGCTGGTGAAAGCLTG
CAAGAGCCACAGCCAGGAGCCTCAGGACTATCTGGATGAGCTCAAGCTGGCCGTGGCCTGGRACUGLGTE
GACATCGCCAAGAGTGAGATCTTCAATGGGGACGTGGAGTGGAAGTCCTGTGACCTGGAGGAGGTGATGGT
GGACGCCCTGGTCAGCAACAAACCCGAGTTTGTGCGCCTCTTTGTGGACAACGGCGCAGACGTGGCCGACT
TCCTGACGTATGGGCGGCTGCAGGAGCTCTACCGCTCCGTGTCACGCAAGAGCCTGCTCTTCGACCTGLTG
CAGCGGAAGCAGGAGGAGGCCCGGCTGACGCTGGCCGGCCTGGGCACCCAGCAGGCCCGGGAGCCACCE
GCGGGGCCACCGGCCTTCTCCCTGCACGAGGTCTCCCGCGTACTCAAGGACTTCCTGCAGGACGCCTGLL
GAGGCTTCTACCAGGACGGCCGGCCAGGGGACCGCAGGAGGGCGGAGAAGGGCCCGGLCAAGCGGECCA
CGGGCCAGAAGTGGCTGCTGGACCTGAACCAGAAGAGCGAGAACCCCTGGCGGGACCTGTTCCTGTGGGE
CGTGCTGCAGAACCGCCACGAGATGGCCACCTACTTCTGGGCCATGGGCCAGGAAGGTGTGGCAGCCGCA
CTGGCTGCCTGCAAAATCCTCAAAGAGATGTCGCACCTGGAGACGGAGGCCGAGGCGGCCCGAGCCACGE
GCGAGGCGAAATACGAGCGGCTGGCCCTTGACCTCTTCTCCGAGTGCTACAGCAACAGTGAGGCCGGLGU
CTTCGCCCTRCTGGTGCGCCGGAACCGCTGCTGGAGCAAGACCACCTGCCTGCACCTGGCCACCCAGGLT
GACGCCAAGGCCTTCTTTGCCCACGACGGCGTTCAGGCCTTCCTGACCAGGATCTGGTGGGGGGACATGE
CCGCAGGCACGCCCATCCTGCGGCTGCTAGGAGCCTTCCTCTGCCCCGCCCTCGTCTATACCAACCTCATC
ACCTTCAGTGAGGAAGCTCCCCTGAGGACAGGCCTGGAGGACCTGCAGGACCTGGACAGCCTGGACACGE
AGAAGAGCCCGCTGTATGGCCTGCAGAGCCGGGTGGAGGAGCTGGTGGAGGCGCCGAGGGLTCAGGGITG
ACCGAGGCCCACGTGCTGTCTTCCTGCTCACACGCTGGCGGAAATTCTGGGGCGCTCCCGTGACTGTGTTC
CTGGGGAACGTGGTCATGTACTTCGCCTTCCTCTTCCTGTTCACCTACGTCCTGCTGGTGGACTICAGGLLG
CCCCCCCAGGGCCCCTCAGGGCCCGAGGTCACCCTCTACTTCTGGGTCTTTACGCTGGTGCTGGAGGAAAT
CCGGCAGGGCTTCTTCACAGACGAGGACACACACCTGGTGAAGAAGTTCACACTGTATGTGGGGGAGAAGT
GGAACAAGTGTGACATGGTGGCCATCTTCCTGTTCATCGTGGGTGTCACCTGCAGGATGCTGCCGTOGGUGT
TTGAGGCTGGCCGCACAGTCCTCGCCATGGACTTCATGGTGTTCACGCTGCGGCTGATCCATATCTTTGCCA
TACACAAGCAGCTGGGCCCCAAGATCATCGTGGTAGAGCGCATGATGAAGGACGTCTTCTTCTTICCTCTICT
TTCTGAGCGTGTGGCTCGTGGCCTACGGTGTCACCACCCAGGCGCTGCTGCACCCCCATGACGGCCGLCT
GGAGTGGATCTTCCGCCGGGTGCTCTACCGGCCCTACCTGCAGATCTTCGGCCAGATCCCACTGGACGAGA
TTGATGAAGCCCGTGTGAACTGCTCCACCCACCCACTGCTGCTGGAGGACTCACCATCCTGCCCCAGCLTC
TATGCCAACTGGCTGGTCATCCTCCTGCTGGTCACCTTCCTGTTGGTCACCAATGTGCTGCTCATGAACCTG
CTCATCGCCATGTTCAGCTACACGTTCCAGGTGGTGCAGGGCAACGCAGACATGTTCTGGAAGTTCCAGCG
CTACAACCTGATTGTGGAGTACCACGAGCGCCCCGCCCTGGCCCCGCCCTTCATCCTGCTCAGCCACCTGA
GCCTGACGCTCCGCCGGGTCTTCAAGAAGGAGGCTGAGCACAAGCGGGAGCACCTGGAGAGAGACCTGCC
AGACCCCCTGGACCAGAAGGTCGTCACCTGGGAGACAGTCCAGAAGGAGAACTTCCTGAGCAAGATGGAGA
AGCGGAGGAGGGACAGCGAGGGGGAGGTGCTGCGGAAAACCGCCCACAGAGTGGACTTCATTGCCAAGITA
CCTCGGGGGGCTGAGAGAGCAAGAARAGCGCATCAAGTGTCTGGAGTCACAGATCAACTACTGCTOGGTGE

TCGTGTCCTCCGTGGCTGACGTGCTGGCCCAGCGTGGCGGTCCCCGGAGCTCTCAGCACTGTGGCGAGEE
AAGCCAGCTGGTGGCTGCTGACCACAGAGGTGGTTTAGATGGCTGGGAACAACCCGGGGCTGGCCAGCCT

CCCTCGGACACATAG (SEQID NO: 1)
FIG. 1
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Comments for pDEST™26:
7481 nucleotides oUC or}

CMV promoter: bases 15-608

OxHis tag: bases 644-661

afiR1 site: bases 671-795

Chloramphenical resistance gene (Cmf): bases 904-1563 = :
cchzgene: bases19(1)5é2210 AN V.
atiR2 site: bases 2251-2375
T7 promoter: bases 2407-2426 (C) N )

V40 eary polyadenylation signal: bases 2726-2992 Ampicilin

1 intergenic reglon bases 3116-3573 polyA

SV4Q early promoter and origin: bases 3733-4041

Neomycin resistance gene: bases 4100-48%

oynthetic polyadenyiation signal: bases 4958-5006

pla promoter; bases 5318-5416

Ampicillin (bfa) resistance gene: bases 5417-6277

pUC origin: bases 6422-7095

(C) = complementary strand

pDEST ™26
7481 bp

Neomycin

—

FIG. 2A

(His)g-nTRPMS Protein Sequence (SEQ ID NO: 2)

HHHHHHSRSTOLYKKAGSLKEPIQSTGSGTEFAT
MQDVQGPRPGSPGDAEDRRELGLHRGEVNFGGSGKKRGKFVRVPSGYAPSVLFDLLLAEWHLPAP

NLVVSLVGEEQPF AMKSWLRDVLRKGLVKAAQSTGAWILTSALRVGLARHVGQAVRDHSLASTSTK
VRVWWAVGMASLGRVLARRILEEAQEDFPYHYPEDDGGSQGPLCSLDSNLSHFILVEPGPPGKGDGL
TELRLRLEKHISEQRAGYGGTGSIEIPYLCLLVNGDPNTLERISRAVEQAAPWLILVGSGGIADVLAAL
VNQPHLLYPKVAEKQFKEKFPSKHFSWEDIVRWTKLLANITSHQHLLTVYDFEQEGSEELDTVILKAL
VKACKSHSQEPQDYLDELKLAVAWDRVDIAKSEIFNGDVEWKSCDLEEVMYDALVSNKPEFVRLFV
DNGADVADFLTYGRLQELYRSVSRKSLLFDLLARKQEEARLTLAGLGTQQAREPPAGPPAFSLHEVS
RVLKDFLQDACRGFYQDGRPGDRRRAEKGPAKRPTGQKWLLDLNQKSENPWRDLFLWAVLQNRH
EMATYFWAMGQEGVAAALAACKILKEMSHLE TEAEAARATREAKYERLALDLFSECY SNSEARAFAL
LVRRNRCWSKTTCLALATEADAKAFFARDGYQAFLTRIWWGDMAAGTPILRLLGAFLCPALVYTNLIT
FSEEAPLRTGLEDLQDLOSLDTEKSPLYGLQSRVEELVEAPRAQGDRGPRAVFLLTRWRKFWGAPY
TVFLGNVVMYFAFLFLFTYVLLVDFRPPPQGPSGPEVTLYFWVFTLVLEEIRQGFFTDEDTHLVKKFT
LYVGONWNKCOMVAIFLFIVGYTCRMLPSAFEAGRTVLAMDFMVF TLRLIHIFAIHKQLGPKIIVVERM
MKDVFFFLFFLSVWLVAYGVTTQALLHPHDGRLEWIFRRVLYRPYLQIFGQIPLDEIDEARYNCSTHP
LLLEDSPSCPSLYANWLVILLLVTFLLVTNVLLMNLLIAMFSYTFQVVQGNADMFWKFQRYNLIVEYHE
RPALAPPHILLSHLSLTLRRVFKKEAERKREHLERDLPDPLDQKVVTWETVQKENFLSKMEKRRRDS
EGEVLRKTAHRVDFIAKYLGGLREQEKRIKCLESQINYCSVLVSSVADVLAQGGGPRSSQHCGEGSQ

LVAADHRGGLOGWEQPGAGQPPSDT
FIG. 2B
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RESPONSE OF WT TrpM5, His-TRPMS AND PSV3 Neo TO 10 uM ATP
C1-C1, C5-C5, CO-CE

FLUORESCENCE CHANGE (COUNTS)
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TRPM5 TRPMS-His

0 nA

COMPARISON OF NATIVE HUMAN TRPMS (LEFT) AND 6-his
TAGGED HUMAN TRPMS (RIGHT) CONDUGTANCES.

SINGLE CELL PATCH CLAMP (WHOLE-CELL CONFIGURATION)
INTRACELLULAR CALCIUM-ELICITED CHANGES IN CURRENT

FIG. 4
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EFFECT OF 12.5 uM LG00069431 ON RESPONSE OF His-TAG TRPMS HEK CELLS TO 10pM ATP(MP)
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NON-DESENSITIZING MUTANT OF THE
TRANSIENT RECEPTOR POTENTIAL
TRPMS 10N CHANNEL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Prov. Appl. No.
60/976,562, filed on Oct. 1, 2008, incorporated herein by

reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-desensitizing mutant
of the transient receptor potential TRPMS3S 1on channel. The
present invention also relates to a high throughput screening,
method usetul 1in the 1dentification of compounds that affect
taste sensation by modulating the activity of the non-desen-
sitizing mutant TRPMS5 1on channel. The screening method,
using for example, electrophysiological measurements,
allows for rapidly screening compounds during the non-de-
sensitizing TRPMS5 1on channel’s prolonged activation
period. The non-desensitizing mutant TRPMS5 1on channel
also allows TRPMY5 activation to be monitored with assay
techniques that require a longer period of 10n channel activa-
tion. Therefore, the non-desensitizing mutant TRPMS5 1on
channel does not limait the types of high throughput screening
methods that can be employed by 1ts duration of activation.

2. Background

Taste perception not only plays a critical role 1n the nutri-
tional status of human beings, but 1s also essential for the
survival of both lower and higher animals (Margolskee, R. F.
J. Biol. Chem. 277:1-4 (2002); Avenet, P. and Lindemann, B.
J. Membrane Biol. 112:1-8 (1989)). Taste perception 1s car-
ried out by taste receptor cells (TRCs). TRCs percerve the
multitude of compounds that are associated with a given taste,
and convert that perception to a signal deciphered by the
brain, resulting 1n sweet, bitter, sour, salty, or umami (savory)
taste.

TRCs are polarized epithelial cells, meaning they have
specialized apical and basolateral membranes. Taste buds
contain 60-100 TRCs, each having a tiny portion of its mem-
brane exposed on the mucosal surface of the tongue (Kinna-
mon, S. C. 7INS 11:491-496 (1988)). Sensory transduction 1s
initiated by sapid molecules, or “tastants,” that interact with
microvillar processes on the apical membrane of TRCs. The
tastants bind specific membrane receptors, leading to a volt-
age change across the cell membrane; 1in turn this depolarizes,
or changes the electric potential of the cell, causing transmit-
ter release and excitation of primary gustatory nerve fibers.

Ion channels are transmembrane proteins that form pores
in a membrane and allow 1ons to pass from one side to the
other (reviewed 1in B. Hille (Ed), 1992, Ionic Channels of
Excitable Membranes 2nd ed., Sinauer, Sunderland, Mass.).
Although certain 1on channels are open under all physiologi-
cal membrane conditions (so-called leaky channels), many
channels have *“gates™ that open in response to a specific
stimulus. As examples, voltage-gated channels respond to a
change 1in the electric potential across the membrane,
mechanically-gated channels respond to mechanical stimula-
tion of the membrane, and ligand-gated channels respond to
the binding of specific molecules. Various ligand-gated chan-
nels can open in response to extracellular factors, such as
neurotransmitters (transmitter-gated channels), or intracellu-
lar factors, such as 1ons (10n-gated channels), or nucleotides
(nucleotide-gated channels). Still other ion channels are

2

modulated by interactions with proteins, such as G-proteins
(G-protein coupled receptors or GPCRs).

One recently discovered ion channel, TRPMS3, has been
shown to be essential for taste transduction. Perez et al.,

5 Nature Neuroscience 5:1169-1176 (2002); Zhang et al., Cell
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112:293-301 (2003). TRPMS5 1s a member of the transient
receptor potential (TRP) family of ion channels. TRPMS5
forms a channel through the membrane of the taste receptor
cell, and 1s believed to be activated by stimulation of a recep-
tor pathway coupled to phospholipase C and by IP,-mediated
Ca”* release. The opening of this channel is dependent on a
rise in intracellular Ca®* levels. Hofmann et al., Current Biol.
13:1153-1138 (2003). The activation of this channel leads to
depolarization of the TRC, which in turn leads to transmitter
release and excitation of primary gustatory nerve fibers.

Because TRPMS 1s a necessary part of the taste-perception
machinery, 1ts inhibition prevents an animal from sensing
tastes. Although taste perception 1s a vital function, the inhi-
bition, or masking, of undesirable tastes 1s beneficial under
certain circumstances. For example, many active pharmaceu-
tical ingredients of medicines produce undesirable tastes,
such as a bitter taste. Inhibition of the bitter taste produced by
the medicine may lead to improved acceptance by the patient.
In other circumstances, enhancement of taste may be desir-
able as 1n the case of developing improved artificial sweeten-
ers or in treatment of taste losses 1n groups such as the elderly.
Mojet et al., Chem. Senses 26:845-60 (2001).

TRPMS displays voltage modulation and rapid activation/
deactivation (“opening and closing’) kinetics upon receptor
stimulation (Hofmann et al. 2003) which allows for the pas-
sage ol monovalent cations, such as sodium and potassium.
Due to these kinetics, TRPM3S enters a refractory state
quickly after activation. In the refractory state, the 10n chan-
nel does not respond to activating signals, such as voltage
modulation. Therefore, in the refractory state, the TRPM3 10n
channel 1s considered to be desensitized. Through proteolytic
studies of other non-TRPMS voltage-gated Na™ and K™ chan-
nels, 1t was concluded that desensitization results from an
intrinsic conformational change within the ion channel. This
conformational change 1s considered to be under the control
ol a channel subunit or region that 1s separate from the 1on
channel region which controls activation. (reviewed i E. R.

Kandel, 2000, Principles of Neural Science, McGraw-Hill,
New York)

The region controlling 1nactivation and therefore desensi-
tization of 1on channel protein regions have been i1dentified
through a number of studies employing techniques such as
limited chemical fixation and mutagenesis. In the case of the
ligand-gated alpha-amino-3-hydroxy-5-methyl-4-1s0x-
azolepropionic acid (AMPA) receptor, 1t was determined
through crystallographic and biochemical studies that certain
amino acid substitutions produced non-desensitizing AMPA
receptors. The 1.483Y amino acid substitution attenuates
desensitization while strengthening the receptor dimer inter-
face through additional contacts made within the ligand bind-
ing core. Similarly, cyclothiazide, an allosteric modulator,
was shown to attenuate desensitization of the AMPA receptor
by binding to a site formed at a dimer 1nterface acting as a
cross-linker stabilizing dimer assembly (See e.g., Mayer, M.
L.. and Homing, M. S. Neuron 42:379-388 (2004); Stern-
Bach, Y. et al., Neuron 13:1345-1337 (1994); Sun, Y. et al.,
Nature 417:245-253 (2002).) In the case of ligand-gated
glutamate receptor GluR2, a single amino acid change 1n the
ion channel polypeptide sequence rendered the ion channel
non-desensitizing. A highly-conserved tyrosine residue in
GluR2 was observed to be necessary for rapid desensitiza-
tion. When this tyrosine residue was replaced with a tryp-
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tophan amino acid, desensitization was attenuated. (See, e.g.,
Holm, M. M. etal.,J. Biol. Chem. 280(42):35469-76 (2003).)
The kainate receptors also demonstrate non-desensitization
when the binding domain of dimers 1s stabilized through the
generation of intramolecular disulfide bonds. (See, e.g., Priel,

A. et al., Neuron 52:1037-1046 (2006).)

One method for testing 1on channel activity 1s to measure
changes in cell membrane potential using the patch-clamp
technique. (Hamill et al., Nature 294:462-4 (1981)). In this
technique, a cell 1s attached to an electrode containing a
micropipette tip which directly measures the electrical con-
ditions of the cell. This allows detailed biophysical charac-
terization of changes in membrane potential in response to
various stimuli. Thus, the patch-clamp techmque can be used
as a screening tool to identily compounds that modulate activ-
ity of 1on channels. This technique 1s usually time consuming
and normally only allows for fewer than two or three com-
pounds per day to be screened for activity.

Methods of screening test compounds can also be high
throughput (1.e., allow for many compounds to be screened
quickly), automated, easy to use, sensitive, and selective.
Screening assays should also provide a high signal to back-
ground noise ratio. (Baxter et al., J. Biomol. Screen. 7:79-85
(2002)). Background noise 1s the mimimal stimulation that a
compound produces regardless of 1ts effect on the 10n chan-
nel. The high ratio makes visualization of positive or negative
modulators simpler because the smallest response will be
seen over the background measurements. This leads to a clear
identification of modulating compounds.

Therefore, there exists a need 1n the art for a non-desensi-
tizing TRPMS5 1on channel that can deactivate slowly such
that HTS assays can distinguish compounds that modulate
taste by specifically activating TRPM3. A slowly deactivating
ion channel 1s also usetul because more compounds can be
tested before the channel closes.

The claimed invention provides compositions and methods
tor HTS assays using a non-desensitizing TRPMS5 10n chan-
nel.

BRIEF SUMMARY OF THE INVENTION

In the present invention, a non-desensitizing TRPMS 10n
channel 1s used 1n HT'S assays to identily test compounds that
modulate taste by specifically activating TRPMS3. The non-
desensitizing TRPMS5 10n channel 1s usetul 1n that 1ts activa-
tion can be recorded in HTS assays over a longer period of
time. The non-desensitizing TRPMS 10n channel 1s also use-
tul in HT'S assays because 1t allows for more test compounds
to be evaluated before the channel closes.

One embodiment of the present invention 1s directed to
isolated polynucleotides encoding a non-desensitizing

TRPMS 10on channel.

Another embodiment of the present invention 1s directed to
an 1solated host cell that contains an 1solated polynucleotide
encoding a non-desensitizing TRPMS 1on channel.

Another embodiment of the present invention 1s directed to
an 1solated non-desensitizing TRPM3 polypeptide.

In additional embodiments, the non-desensitizing TRPM3
polypeptide 1s epitope-tagged. In other embodiments, the
non-desensitizing TRPMS polypeptide 1s amino-terminally
epitope-tagged. In further embodiments, the non-desensitiz-
ing TRPMS5 polypeptide 1s tagged with a polyhistidine
epitope tag.

Another embodiment of the present invention 1s directed to
a recombinant host cell that expresses a non-desensitizing

TRPMS5 polypeptide.
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Another embodiment of the present invention 1s directed to
a method of making an 1solated non-desensitizing TRPMS5
polypeptide.

Another embodiment of the present invention 1s a high
throughput screening assay for screening potential enhancers
of the TRPMS5 1on channel comprising contacting a cell
expressing a non-desensitizing TRPMS polypeptide with a
suboptimal concentration of an agent that increases intracel-
lular calcium concentration; contacting said cell with a poten-
tial enhancing compound; using a patch-clamp apparatus,
measuring the membrane current of said cell in the presence
of said potential enhancing compound; and comparing the
measured membrane current to the membrane current of a
different cell expressing a non-desensitizing TRPMS5 1n the
presence of an optimal concentration of an agent that
increases 1ntracellular calctum concentration.

Another embodiment of the present invention 1s a high
throughput screening assay for screening potential enhancers
of the TRPMS5 1on channel comprising contacting a cell
expressing a non-desensitizing TRPMS polypeptide with a
suboptimal concentration of an agent that increases intracel-
lular calcium concentration, wherein the cell has been pre-
loaded with a membrane potential fluorescent dye; contacting
said cell with a potential enhancing compound; using an
optical detector, measuring the fluorescent intensity of said
cell m the presence of said potential enhancing compound;
and comparing the measured fluorescent intensity to the fluo-
rescent intensity of a different cell expressing a non-desensi-
t1izing TRPMS 1n the presence of an optimal concentration of
an agent that increases intracellular calcium concentration.

In additional embodiments, the claimed method 1s directed
to screening cells that are located 1n a multi-well vessel. The
multi-well vessels of the claimed invention may contain up to
and a number equaling 96 wells. In another embodiment, the
multi-well vessel comprises greater than 96 wells. In another
embodiment, the multi-well vessel comprises 384 wells. In
yet another embodiment, the multi-well vessel comprises
1536 wells.

In some embodiments of the claimed invention, agents that
increase calcium concentration are selected from the group
consisting of: thrombin, adenosine triphosphate (ATP), car-
bachol, and agonists of endogenous G protein coupled recep-
tors (GPCRs). In one embodiment of the invention, the agent
that increases calctum concentration 1s a calctum 1onophore,
¢.g. A23187/, calcimycin or 1onomycin.

In some embodiments of the claimed 1invention, the mem-
brane potential fluorescent dye 1s a FMP dye.

In additional embodiments of the claimed invention, the
optical detector 1s selected from the group consisting of:
Fluorescent Imaging Plate Reader (FLIPR®), FLEXSta-
tion™, Voltage/Ion Probe Reader (VIPR™), fluorescent
microscope and charge-coupled device (CCD) camera, and
Pathway HT™. In one embodiment of the invention, the
optical detector 1s a FLIPR®. In another embodiment, the
optical detector 1s an endpoint microtiter fluorescent reader.
Microtiter fluorescent readers may include, but are not lim-
ited to, Perkin-Elmer Envision® and Labsystems Fluoroskan
II.

Another embodiment of the invention 1s a high throughput
screening assay for determining whether a test compound is a
TRPMYS5 1on channel-specific modulator comprising contact-
ing a cell that expresses a non-desensitizing TRPMS polypep-
tide and has been preloaded with a membrane potential fluo-
rescent dye, with a test compound in the presence of
potassium chloride; using an optical detector, measuring the
fluorescent intensity of said cell 1n the presence of said poten-
t1al modulating compound; comparing the measured fluores-
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cent intensity determined above to the tluorescent intensity of
a different cell that expresses a non-desensitizing TRPMS5
polypeptide and has been preloaded with a membrane poten-
tial dye 1n the presence of potassium chloride and the absence
of the test compound; and evaluating whether the test com-
pound may be a TRPM5-specific modulator by determining i
the ratio of the fluorescent intensity with KCl and the test
compound compared to the intensity with KCl 1n the absence
of the test compound i1s less than or greater than 1.

Another embodiment of the invention 1s a high throughput
screening assay for determining whether a test compound 1s a
TRPMS5 1on channel-specific modulator comprising contact-
ing a cell that expresses a non-desensitizing TRPMS polypep-
tide and has been preloaded with an intracellular calcium dye,
with a test compound and a suboptimal concentration of a
calcium modulating agent that increases intracellular calcium
concentration; using an optical detector, measuring the fluo-
rescent intensity of said cell 1n the presence of said calcium
modulating compound; comparing the measured fluorescent
intensity determined above to the fluorescent intensity of a
different cell that expresses a non-desensitizing TRPMS
polypeptide and has been preloaded with an intracellular
calcium dye, 1n the presence of a suboptimal concentration of
a calcium modulating agent and the absence of the test com-

pound; and evaluating whether the test compound may be a
TRPM5-specific modulator by determining 11 the ratio of the
fluorescent 1ntensity with a suboptimal concentration of a
calcium modulating agent and the test compound, compared
to the itensity with a suboptimal concentration of a calcium
modulating agent in the absence of the test compound is less
than or greater than 1.

In some embodiments, the claimed method further com-
prises selecting a compound that enhances TRPM3S activity.
In further embodiments, the claimed method further com-
prises selecting a compound that inhibits TRPM3 activity.

Another embodiment of the invention 1s a high throughput
screening assay for determining whether a test compound is a
TRPMY5 10on channel-specific modulator comprising contact-
ing a cell that expresses a non-desensitizing TRPMS polypep-
tide with a suboptimal concentration of an agent that
increases intracellular calcium concentration, contacting the
cell with a potential enhancing compound, measuring the
TRPMS5 activity by measuring the membrane potential of the
cell 1n the presence of said potential enhancing compound
and comparing that TRPMS5 activity to the TRPMS5 activity of
a different cell expressing a non-desensitizing TRPMS5
polypeptide in the presence of an optimal concentration of an
agent that increases intracellular calctum concentration.

Another embodiment of the invention 1s a high throughput
screening assay for determining whether a test compound is a
TRPMS5 1on channel-specific modulator comprising contact-
ing a cell that expresses a non-desensitizing TRPM 3 polypep-
tide with a test compound 1n the presence of potassium chlo-
ride, measuring the TRPM3S activity by measuring the
membrane potential of the cell 1n the presence of said poten-
t1al modulating compound, comparing the measured TRPM3S
activity determined previously to the TRPMS activity of a
different cell that expresses a non-desensitizing TRPMS
polypeptide 1n the presence of potassium chloride and the
absence of the test compound, evaluating whether the test
compound may be a TRPM5-specific modulator by determin-
ing 1f the ratio of the membrane potential with potassium
chloride and the test compound compared to the membrane
potential with potassium chloride in the absence of the test
compound 1s less than or greater than 1. An intensity ratio
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greater than 1 indicates that the test compound 1s a TRPM5
enhancer and a ratio less than 1 indicates that the test com-
pound 1s a TRPMYS5 1nhibitor.

Another embodiment of the invention 1s a high throughput
screening assay for determining whether a test compound is a
TRPMYS5 10n channel-specific enhancer comprising contact-
ing a cell that expresses a non-desensitizing TRPMS polypep-
tide with a test compound, measuring TRPMS5 activity by
measuring the membrane potential of the cell 1n the presence
ol said potential enhancing compound, comparing the mea-
sured TRPM3S activity determined previously to the TRPM3S
activity of a different cell that expresses a non-desensitizing
TRPMS5 polypeptide 1in the absence of the test compound,
evaluating whether the test compound may be a TRPMS5-
specific enhancer by determining if the ratio of the activity
with the test compound compared to the activity in the
absence of the test compound 1s greater than 1. A ratio greater
than 1 indicates that the test compound 1s a TRPM3 enhancer.

Another embodiment of the invention 1s a high throughput
screening assay for determining whether a test compound is a
TRPMY5 10n channel-specific inhibitor comprising contacting
a cell that expresses a non-desensitizing TRPMS polypeptide
with a test compound 1n the presence of a known TRPMS5
agonist, measuring TRPMS5 activity by measuring the mem-
brane potential of the cell in the presence of said potential
inhibiting compound, comparing the measured TRPMS5
activity determined previously to the TRPMS activity of a
different cell that expresses a non-desensitizing TRPMS
polypeptide 1n the presence of a known TRPMS agonist and
the absence of the test compound, evaluating whether the test
compound may be a TRPMJ5-specific enhancer by determin-
ing 11 the ratio of the activity with the TRPM3S agonist and the
test compound compared to the activity with the TRPMS5
agonist 1n the absence of the test compound 1s less than 1. A
ratio less than 1 indicates that the test compound 1s a TRPMS5
inhibitor.

In some embodiments, the membrane potential of the cell
1s measured by an 1on flux assay or an electrophysiological
assay.

In other embodiments, the cell membrane potential of the
cell 1s measured using Na™, K*, Th™, Li" or Cs™ sensitive
membrane potential dyes.

Further embodiments, features, and advantages of the
present inventions, as well as the structure and operation of
the various embodiments of the present invention, are
described in detail below with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF TH.
DRAWINGS/FIGURES

T

The accompanying drawings, which are incorporated
herein and form a part of the specification, illustrate one or
more embodiments of the present invention and, together
with the description, further serve to explain the principles of
the invention and to enable a person skilled in the pertinent art
to make and use the 1nvention.

FIG. 1 shows the ¢cDNA nucleotide sequence encoding
amino-terminal polyhistidine epitope tagged TRPMS (SEQ
ID NO: 1).

FIG. 2A shows a map of the pDEST™ 26 vector used to
create a non-desensitizing TRPMS5 1on channel that has an
amino-terminal polyhistidine epitope tag.

FIG. 2B shows the protein sequence of amino-terminal
polyhistidine epitope tagged TRPMS (SEQ ID NO: 2). The
polyhistidine epitope tag 1s linked to the K TRPMS5 amino acid
sequence by a 28 amino acid linker.
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FIG. 3 shows the membrane potential response detected
using a FLIPR® method 1n cells transfected with either wild-
type (WT hTRPMS5) hTRPMS5 DNA, non-desensitizing
((His),-h TRPMS) or PSV3 Neo DNA to the application of 10
uM ATP. PSV3 Neo DNA 1s an empty vector that does not
encode an 1on channel and 1s used as the sham control.

FIG. 4 shows wild-type hTRPMS and non-desensitizing,
hTRPMS5 10n channel responses in transiently transiected
HEK 293 cells through patch-clamp recordings. Panel A
shows the patch-clamp (whole-cell configuration) current of
HEK 293 cells transfected with wildtype h TRPMS5 DNA. The
current was activated by Ca** (1.5 uM) dialysis from the
clectrode filling solution. The current traces represent the
peak current amplitude measured at —80 mV and 80 mV in
response to voltage ramps delivered at 1 Hz. Panel B shows
the patch-clamp current of HEK 293 cells transtected with
non-desensitizing ((His),-hTRPMS) hTRPMS DNA.

FIG. 5 shows a schematic representation of the TRPM3S
specificity filter using Ca** response and KCl counterscreen
assays.

FIG. 6 shows membrane potential responses detected using,
a FLIPR method 1n cells transfected with non-desensitizing
((His,-h TRPM3) DNA to the application of High Control (10
uM of ATP) and LG00069431 (12.5 uM). High Control and
[L.G00069431 are applied at 200 seconds. The non-desensi-
tizing TRPMS5 10n channel remains open for more than 100
seconds.

DETAILED DESCRIPTION OF THE INVENTION

Overview

The TRPMS5 10n channel is a critical downstream signaling,
protein whose function is required for the sensations of bitter,
sweet, and umami taste. When activated by intracellular cal-
cium, the TRPMS 1on channel briefly conducts a sodium
current, causing a change in membrane potential, and then
rapidly desensitizes, returning the membrane potential to the
resting state. Screening assays useful in the identification of
TRPMS5-specific modulators can be found in U.S. application
Ser. No. 11/592,180, which 1s herein incorporated by refer-
ence. The use of non-desensitizing TRPMS polypeptides 1n
HTS assays offers new opportunities for identifying com-
pounds that specifically interact with TRPMS5 and can modu-
late taste. Since non-desensitizing TRPMS3 1on channels close
with slower kinetics, they therefore allow for better detection

of TRPMS5-specific activation and changes 1in membrane
potential attributable to only TRPM3.

By the term “desensitize” 1s meant to render insensitive or
less sensitive to ligands that activate the TRPMS5 10n channel.
By the term “non-desensitize” or “non-inactivate” 1s meant to
render the TRPMS5 10n channel sensitive to ligands that acti-
vate the 1on channel, such that the TRPMS 1on channel
remains activated and open for a longer period of time com-
pared to the wildtype TRPMS5 10n channel.

TRPMS3 10n channels fall into a class of gated channels that
enter a refractory state when exposure to an appropriate 1on/
ligand 1s prolonged. Many channels only recover from the
refractory state after the cell membrane potential 1s restored to
its original value or the 1on/ligand has been removed. (re-
viewed 1n E. R. Kandel, 2000, Principles of Neural Science,
McGraw-Hill, New York)

In voltage-gated Na*/K™ channels, like TRPMS5, desensi-
tization 1s thought to result from an intrinsic conformational
change controlled by a region of the channel that 1s distinct
from that which controls channel activation. (reviewed 1n E.

R. Kandel, 2000, Principles of Neural Science, McGraw-Hill,
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New York) Theretfore, a non-desensitizing TRPMS5 1on chan-
nel can be made by modifying the region 1n the 1on channel
that affects 1on channel desensitization and not 10on channel
activation.

Non-Desensitizing TRPMS5 Ion Channel Polynucleotides

In one embodiment, the present invention 1s directed to an
isolated polynucleotide encoding a non-desensitizing
TRPMS5 10n channel. An “isolated” nucleic acid molecule 1s
one that 1s separated from other nucleic acid molecules
present in the natural source of the nucleic acid. An “1solated”
nucleic acid molecule can be, for example, a nucleic acid
molecule that 1s free of at least one of the nucleotide
sequences that naturally flank the nucleic acid molecule at 1ts
S' and 3' ends 1n the genomic DNA of the organism from
which the nucleic acid 1s derived. Isolated nucleic acid mol-
ecules 1include, without limitation, separate nucleic acid mol-
ecules (e.g., cDNA or genomic DNA fragments produced by
PCR or restriction endonuclease treatment) independent of
other sequences, as well as nucleic acid molecules that are
incorporated 1nto a vector, an autonomously replicating plas-
mid, a virus (e.g., aretrovirus, adenovirus, or herpes virus), or
into the genomic DNA of a prokaryote or eukaryote. In addi-
tion, an 1solated nucleic acid molecule can include a nucleic
acid molecule that 1s part of a hybrid or fusion nucleic acid
molecule. An 1solated nucleic acid molecule can be a nucleic
acid sequence that 1s: (1) amplified 1n vitro by, for example,
polymerase chain reaction (PCR); (1) synthesized by, for
example, chemical synthesis; (111) recombinantly produced
by cloning; or (1v) purified, as by cleavage and electrophoretic
or chromatographic separation.

By the term “nucleic acid sequence” or “nucleotide
sequence’” or “polynucleotide” 1s meant the arrangement of
either deoxyribonucleotide or ribonucleotide residues 1n a
polymer 1n either single- or double-stranded form. Nucleic
acid sequences can be composed of natural nucleotides of the
following bases: thymidine, adenine, cytosine, guanine, and
uracil; abbreviated T, A, C, G, and U, respectively, and/or
synthetic analogs. Polynucleotides contemplated in the
present invention include, but are not limited to, vectors
derived from natural sources or artificially generated.

By the term “vector” or “construct” 1s meant a nucleic acid
molecule into which a heterologous nucleic acid can be or 1s
iserted. Some vectors can be introduced into a host cell
allowing for replication of the vector or for expression of a
protein that 1s encoded by the vector or construct. Vectors
typically have selectable markers, for example, genes that
encode proteins allowing for drug resistance, origins of rep-
lication sequences, and multiple cloning sites that allow for
isertion of a heterologous sequence. Preferred selectable
markers include those which confer resistance to drugs, such
as G4181, hygromycin, and methotrexate. Vectors are typi-
cally plasmid-based and are designated by a lower case “p”
tollowed by a combination of letters and/or numbers. Starting
plasmids disclosed herein are either commercially available,
publicly available on an unrestricted basis, or can be con-
structed from available plasmids by application of procedures
known 1n the art. Many plasmids and other cloning and
expression vectors that can be used in accordance with the
present invention are well-known and readily available to
those of skill 1n the art. Moreover, those of skill readily may
construct any number of other plasmids suitable for use in the
invention. The properties, construction and use of such plas-
mids, as well as other vectors, in the present invention will be
readily apparent to those of skill from the present disclosure.

As described herein, the term “TRPMS5” refers to a member
of the novel family of Ca®* regulated transmembrane channel
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polypeptides. The TRPMS gene, encoding the TRPMS 10n
channel, 1s expressed as a 4.5 kb transcript 1n a variety of fetal
and adult tissues (Prawitt et al. Hum. Mol Gen. 9:203-216
(2000)). Human TRPMS5 has a putative reading frame con-
taining 24 exons which encode an 1165 amino acid, mem-
brane spanmng polypeptide. The National Center for Bio-
technology Information (NCBI) database lists several
sequences for both the nucleic acid (NP__064673,
NP__ 055370, AAP44477, AAP44476) and amino acid
(NM__ 014555, NM_020277, AY280364, AY280363)
sequences for both the human and mouse forms of TRPM3,
respectively. The inclusion of the above sequences 1s for the
purpose of 1llustration of the TRPMS5 genetic sequence, how-
ever the mvention 1s not limited to one of the disclosed
sequences.

By the term “gene” 1s meant a segment of DNA 1nvolved in
producing a peptide, polypeptide, or protein, and the mRNA
encoding such protein species, including the coding region,
and the non-coding regions preceding (“3' UTR™) and follow-
ing (“3' UTR”) the coding region. A “gene” may also include
intervening non-coding sequences (“introns”) between indi-
vidual coding segments (“exons”).

It 1s recognized 1n the art that there can be significant
heterogeneity in a gene sequence depending on the source of
the 1solated sequence. The invention contemplates the use of
conservatively modified variants of TRPM3. Conservatively
modified variants applies to both amino acid and nucleic acid
sequences. With respect to nucleic acid sequences, conserva-
tively modified gene variants refer to those polynucleotide
sequences which encode identical or essentially identical
amino acid sequences. Because of the degeneracy of the
genetic code, a large number of Tunctionally identical nucleic
acids encode any given protein.

For instance, the codons GCA, GCC, GCG and GCU all
encode the amino acid alanine. Thus, at every position where
an alanine 1s specified by a codon, the codon can be altered to
any ol the corresponding codons described without altering
the encoded polypeptide. Such nucleic acid variations are
“silent variations,” which are one species of conservatively
modified vanations. Every nucleic acid sequence herein,
which encodes a polypeptide, also describes every possible
silent variation of the nucleic acid. One of skill will recognize
that each codon in a nucleic acid (except AUG, which 1s
ordinarily the only codon for methionine, and TGG, which 1s
ordinarily the only codon for tryptophan) can be modified to
yield a functionally identical molecule. Accordingly, each
silent variation of a nucleic acid, which encodes a polypep-
tide, 1s 1implicit 1n each described sequence.

One skilled 1n the art will recognize that DNA mutagenesis
techniques may be used not only to produce variant DNA
molecules encoding non-desensitizing TRPM3 polypeptides,
but will also facilitate the production of proteins which diftfer
in certain structural aspects from the TRPMS5 1on channel
protein. These structurally modified proteins are clearly
derivative of the TRPMS 1on channel and maintain most or all
ol the essential functional characteristics of the TRPMS5 10n
channel. Newly dertved proteins may also be selected in order
to obtain variations on the functional characteristic of the
TRPMS5 protein. Such dermvatives include those with varia-
tions 1n amino acid sequence including minor deletions, addi-
tions and substitutions.

Amino acid substitutions are typically of single residues;
insertions usually will be on the order of about from 1 to 10
amino acid residues; and deletions will range about from 1 to
30 residues. Substitutions, deletions, 1nsertions or any com-
bination thereol may be combined to arrive at a final con-
struct. Obviously, the mutations that are made 1n the DNA
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encoding the protein must not place the sequence out of
reading frame and preferably will not create complementary
regions that could produce secondary mRNA structure.

Conservative substitution tables providing functionally
similar amino acids are well known 1n the art. For example,
one exemplary guideline to select conservative substitutions
includes (original residue followed by exemplary substitu-
tion): ala/gly or ser; arg/lys; asn/gln or his; asp/glu; cys/ser;
gln/asn; gly/asp; gly/ala or pro; his/asn or gln; ile/leu or val;
leu/ile or val; lys/arg or gln or glu; met/leu or tyr or ile;
phe/met or leu or tyr; ser/thr; thr/ser; trp/tyr; tyr/trp or phe;
val/ile or leu. An alternative exemplary guideline uses the
following six groups, each containing amino acids that are
conservative substitutions for one another: 1) Alanine (A),
Serine (S), Threonine (T); 2) Aspartic acid (D), Glutamic acid
(E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R),
Lysine (I); 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V); and 6) Phenylalanine (F), Tyrosine (Y), Tryp-
tophan (W); (See also, e.g., Creighton, Proteins, W. H. Free-
man and Company (1984); Schultz and Schimer, Principles of
Protein Structure, Springer-Verlag (1979)). One of skill in the
art will appreciate that the above-identified substitutions are
not the only possible conservative substitutions. For example,
for some purposes, one may regard all charged amino acids as
conservative substitutions for each other whether they are
positive or negative. In addition, individual substitutions,
deletions or additions that alter, add or delete a single amino
acid or a small percentage of amino acids 1n an encoded
sequence can also be considered “conservatively modified
variations.”

The variant DNA molecules encoding non-desensitizing,
TRPMS5 proteins of the invention comprise non-conservative
modifications (e.g. substitutions). By “nonconservative”
modification herein 1s meant a modification 1 which the
wildtype encoded amino acid residue and the mutant amino
acid residue ditfer significantly 1n one or more physical prop-
erties, including hydrophobicity, charge, size, and shape. For
example, modifications from a polar residue to a nonpolar
residue or vice-versa, modifications from positively charged
residues to negatively charged residues or vice versa, and
modifications from large residues to small residues or vice
versa are nonconservative modifications. For example, sub-
stitutions may be made which more significantly affect: the
structure of the polypeptide backbone 1n the area of the alter-
ation, for example the alpha-helical or beta-sheet structure;
the charge or hydrophobicity of the molecule at the target site;
or the bulk of the side chain. The substitutions which 1n
general are expected to produce the greatest changes in the
polypeptide’s properties are those 1n which (a) a hydrophilic
amino acid residue, e.g. seryl or threonyl, 1s substituted for (or
by) a hydrophobic amino acid residue, e.g. leucyl, 1soleucyl,
phenylalanyl, valyl or alanyl; (b) a cysteine or proline 1s
substituted for (or by) any other residue; (¢) an amino acid
residue having an electropositive side chain, e.g. lysyl, argi-
nyl, or histidyl, 1s substituted for (or by) an electronegative
amino acid residue, e.g. glutamyl or aspartyl; or (d) an amino
acid residue having a bulky side chain, e.g. phenylalamine, 1s
substituted for (or by) one not having a side chain, e.g. gly-
cine. In one embodiment, the variant DNA molecules encod-
ing a non-desensitizing TRPM3S protein have at least one
non-conservative modification.

The variant proteins may be generated, for example, by

using a PDA™ system previously described in U.S. Pat. Nos.
6,188,965; 6,296,312; 6,403,312; alanine scanning (see U.S.
Pat. No. 5,506,107), gene shuitling (WO 01/252777), site satu-

ration mutagenesis, mean field, sequence homology, poly-
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merase chain reaction (PCR) or other methods known to those
of skill in the art that guide the selection of point or deletion
mutation sites and types.

Non-desensitizing TRPMS polypeptides can be generated
by substitution of amino acid residues that make contact with
TRPMS5 ligands and/or line the interior of the 10n channel. As
in the case of the non-analogous AMPA receptor, crystallo-
graphic and biochemical studies can provide information
regarding the position and electrostatic nature of residues that
make contact with ligands. In one embodiment of the present
invention, the non-desensitizing TRPMS3 1on channel 1s gen-
crated by substituting the amino acid residues of the ligand-
binding region with amino acids that make additional or more
favorable contacts with the TRPMS5 ligand. The human
TRPMS polypeptide (Genbank Accession Number
NP__0553770) has six transmembrane helices spanning amino
acids 733-755, 770-792, 807-829, 841-863, 871-893 and
055-977 and a putative Ca>* pore spanning amino acids 906-
022. (See e.g., Prawitt et al., Hum. Mol Gen. 9:203-216
(2000).) Typically, the last two transmembrane helices flank a
loop which determines 1on selectivity in 10on channel family
members that contain 6 transmembrane domains. Amino acid
substitution and manipulation in the last two helices and/or
loop region can render the TRPMS5 polypeptide non-desensi-
tizing. In another embodiment of the present invention, the
non-desensitizing TRPMS 1on channel 1s generated by sub-
stituting the amino acid residues of the last two helical trans-
membrane spanning regions and/or loop region that flank the
last two helical transmembrane spanning regions with amino
acids that alter the kinetics of 1on flow through the 10n chan-
nel.

As mentioned above, the polynucleotide encoding the
TRPMS3 1on channel can also be modified with the insertion of
amino acids mto the TRPMS5 polypeptide sequence to render
the TRPMS5 10n channel non-desensitizing. The msertion can
be any length of amino acid, usually 1 to 10 amino acids in
length. Theretfore, another embodiment of the present mnven-
tion 1s directed to an 1solated polynucleotide with a first
polynucleotide encoding a TRPMS5 1on channel or a fragment
thereot operably linked to a second polynucleotide encoding,
additional amino acids, such that the 1solated polynucleotide
encodes a non-desensitizing TRPMS 1on channel. In a further
embodiment, the second polynucleotide encodes 1 to 10 addi-
tional amino acids.

By the term “operably linked” 1s meant a functional rela-
tionship between two nucleic acid sequences. For example, a
promoter sequence that controls expression (for example,
transcription) of a coding sequence 1s operably linked to that
coding sequence. Operably linked nucleic acid sequences can
be contiguous, typical ol many promoter sequences, or non-
contiguous, 1n the case of, for example, nucleic acid
sequences that encode repressor proteins. Within a recombi-
nant expression vector, “operably linked” 1s intended to mean
that the coding sequence of interest 1s linked to the regulatory
sequence(s) 1 a manner that allows for expression of the
coding sequence, e.g., 1n an 1n vitro transcription/translation
system or 1n a host cell when the vector 1s introduced 1nto the
host cell.

By the term “promoter” 1s meant a regulatory sequence of
DNA that 1s mnvolved 1n the binding of RNA polymerase to
initiate transcription of a gene. Promoters are often upstream
(“5' t0”) the transcription 1mitiation site of the gene. A “regu-
latory sequence” refers to the portion of a gene that can
control the expression of the gene. A “regulatory sequence”
can 1nclude promoters, enhancers and other expression con-
trol elements such as polyadenylation signals, ribosome bind-
ing site (for bacterial expression), and/or, an operator.
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By the term “coding sequence™ 1s meant the portion of a
gene that encodes amino acids and the start and stop signals
for the translation of the corresponding polypeptide via trip-
let-base codons.

“Recombinant”™ refers to a nucleic acid, a protein encoded
by a nucleic acid, a cell, or a viral particle, that has been
modified using molecular biology techniques to something
other than its natural state.

Another embodiment of the present invention 1s directed to
an 1solated polynucleotide comprising a first polynucleotide
encoding a TRPMS5 10n channel or a fragment thereot, oper-
ably linked to a second polynucleotide encoding an epitope
tag, such that the 1solated polynucleotide encodes a non-
desensitizing TRPMS5 10on channel. By the term “epitope™ 1s
meant a portion of a molecule to which an antibody binds.
Epitopes can be composed of sugars, lipids or amino acids. In
most cases, epitope tags are constructed of amino acids. An
epitope tag 1s generally placed at the amino- or carboxyl-
terminus of the TRPMYS5 10n channel. The presence of such
epitope-tagged forms of the TRPMS ion channel can be
detected using an antibody against the tag polypeptide. Also,
the epitope tag enables the non-desensitizing TRPMS 1on
channel to be readily purified by atfimity purification using an
anti-tag antibody or another type of affinity matrix that binds
to the epitope tag.

For example, polyhistidine epitope tags are often used for
ailinity purification of polyhistidine-tagged recombinant pro-
teins. Polyhistidine epitope tagged recombinant protein can
be purified from cell lysate with affinity media such as nitrilo-
triacetic acid (NTA)-agarose or Talon resin. These resins
utilize metal 10ns, such as nickel or cobalt, to coordinate and
bind polyhistidine epitope tagged recombinant proteins with
micromolar aflinity. As the primary structure of the polyhis-
tidine epitope tag 1s the only feature required for binding to
the atlinity media, the epitope tag 1s also useful for purifying,
polyhistidine epitope tagged recombinant proteins under
denaturing conditions.

The polyhistidine epitope tag can also be used to detect the
presence ol the polyhistidine epitope tagged recombinant
protein through the use of anti-polyhistidine epitope tag anti-
bodies. These antibodies can be conjugated to fluorescently
labeled nitrilotriacetic acid (N'TA), such that polyacrylamide
gels containing polyhistidine epitope tagged recombinant
proteins can be stained and visualized. The antibodies can be
used to detect polyhistidine epitope tagged recombinant pro-
tein through Western blotting, ELISA and other immuno-
assays. Finally, these antibodies can also label both prokary-
otic and eukaryotic cells such that the subcellular location of
the polyhistidine epitope tagged recombinant protein can be
determined.

Various tag polypeptides and their respective antibodies
are well known 1n the art. Examples include, but are not
limited to, poly-histidine (poly-his) or poly-histidine-glycine
(poly-his-gly) tags; the hemagglutinin tag polypeptide and 1ts
antibody 12CAS5 (Field et al., Mol. Cell. Biol., 8:2159-2165
(1988)); the c-myc tag and the 8F9, 3C7/, 6E10, G4, B7 and
9E10 antibodies thereto (Evan et al., Molecular and Cellular
Biology, 5:3610-3616 (1985)); and the Herpes Simplex virus
glycoproteimn D (gD) tag and 1ts antibody (Paborsky et al.,
Protein Engineering; 3(6):547-553 (1990)). Other tag
polypeptides include the tlag-peptide (Hopp et al., BioTech-
nology, 6:1204-1210 (1988)); the K'T3 epitope peptide (Mar-
tin etal., Science, 255:192-194 (1992)); an a-tubulin epitope
peptide (Skinner et al., J. Biol. Chem., 266:15163-15166
(1991)); and the T7 gene 10 protein peptide tag (Lutz-Frey-
ermuth et al., Proc. Natl. Acad. Sci1. USA, 87:6393-6397
(1990)).
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In one embodiment, the epitope tag 1s a polyhistidine tag.
In another embodiment, the polyhistidine epitope tag consists
01 6,7, 8,9, or 10 histidine residues. In another embodiment,
the polyvhistidine epitope tag consists of 6 histidine residues.
In another embodiment, the second polynucleotide encodes
an amino-terminal polyhistidine epitope tag.

Non-Desensitizing TRPM3S Ion Channel Polypeptides

To make anon-desensitizing TRPMS5 1on channel for use in
an HTS method, the non-desensitizing TRPMS5 polynucle-
otide sequence must first be transcribed so that the TRPMS5
polypeptide can be translated from the transcribed polynucle-
otide sequence. Transcription and translation can occur 1n
vitro or 1n situ. I transcription and translation occur 1n vivo,
a vector can be mtroduced 1nto a host cell allowing for repli-
cation of the vector or for expression of a protein that is
encoded by the vector or construct. Therefore, another
embodiment of the present invention 1s directed to a recom-
binant vector that contains a polynucleotide encoding a non-
desensitizing TRPMS 1on channel.

By the term “expression” 1s meant the translation of the
TRPMS5 polypeptide from a TRPMS5 gene sequence either
from a nucleic acid introduced 1nto a cell or from nucleic acid
translated 1n vitro through the use of any of the translation kits
known 1n the art (1.e. Ambion’s ActivePro In Vitro Translation
Kit). The term “in si1tu” where used herein mcludes all these
possibilities. Thus, 1n situ methods may be performed 1n a
suitably responsive cell line which expresses TRPMS (either
as a native channel, or from a nucleic acid introduced into the

cell).

It should be noted that expression of non-desensitizing,
TRPMS can also be controlled by any of a number of induc-
ible promoters known in the art, such as a tetracycline respon-
stve element, TRE. For example, non-desensitizing TRPM5
can be selectively presented on the cell membrane by con-
trolled expression using the Tet-on™ and Tet-off™ expres-
s1on systems provided by Clontech (Gossen, M. and Bujard,
H. Proc. Natl. Acad. Sci. USA 89: 5547-5551 (1992)). In the
Tet-on™ system, gene expression 1s activated by the addition
of a tetracycline dertvative doxycycline (Dox), whereas 1n the
Tet-off ™ system, gene expression 1s turned on by the with-
drawal of tetracyline (Tc) or Dox. Any other inducible mam-
malian gene expression system may also be used. Examples
include systems using heat shock factors, steroid hormones,
heavy metal 10ns, phorbol ester and interferons to condition-
ally express genes 1n mammalian cells.

The level of non-desensitizing TRPMS expression 1n a cell
may be increased by introducing a non-desensitizing TRPM S
nucleic acid into the cells or by causing or allowing expres-
s10n from a heterologous nucleic acid encoding non-desensi-

tizing TRPMS5.

The level of non-desensitizing TRPMS expression 1n a cell
may be determined by techniques known 1n the art, including,
but not limited to, nucleic acid hybridization, polymerase
chain reaction, RNase protection, dot blotting, immunocy-
tochemistry and Western blotting. Alternatively, non-desen-
sitizing TRPMS expression can be measured using a reporter
gene system. Such systems, which include for example red or
green fluorescent protein (see, e.g. Mistili and Spector,
Nature Biotechnology 15:961-964 (1997), allow visualiza-
tion of the reporter gene using standard techniques known to
those of skill in the art, for example, fluorescence microscopy.
Furthermore, the ability of non-desensitizing TRPMS5 to be
activated by known positive modulating compounds, such as
thrombin, may be determined following manipulation of the
non-desensitizing TRPMS5 expressing cells.
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Another embodiment of the present invention 1s directed to
an 1solated host cell that contains a vector encoding a non-
desensitizing TRPMS5 1on channel, such that the host cell
becomes arecombinant host cell. A “recombinant host cell” 1s
a cell that has had introduced into it a recombinant DNA
sequence. Recombinant DNA sequences can be introduced
into host cells using any suitable method including, for
example, electroporation, calcium phosphate precipitation,
microinjection, transformation, biolistics and viral infection.
Recombinant DNA may or may not be integrated (covalently
linked) into chromosomal DNA making up the genome of the
cell. For example, the recombinant DNA can be maintained
on an episomal element, such as a plasmid. Alternatively, with
respect to a stably transformed or transfected cell, the recom-
binant DNA has become integrated into the chromosome so
that 1t 1s mmhented by daughter cells through chromosome
replication. This stability 1s demonstrated by the ability of the
stably transformed or transfected cell to establish cell lines or
clones comprised of a population of daughter cells containing
the exogenous DNA. Recombinant host cells may be
prokaryotic or eukaryotic, including bacteria such as E. colli,
fungal cells such as yeast, mammalian cells such as cell lines
of human, bovine, porcine, monkey and rodent origin, and
insect cells such as Drosophila- and silkworm-derived cell
lines. It 1s further understood that the term “recombinant host
cell” refers not only to the subject cell, but also to the progeny
or potential progeny of such a cell. Because certain modifi-
cations can occur in succeeding generations due to either
mutation or environmental influences, such progeny may not,
in fact, be identical to the parent cell, but are still included
within the scope of the term as used herein. Furthermore,
another embodiment of the present invention 1s directed to a
recombinant host cell that expresses a non-desensitizing
TRPMS 1on channel.

The cell lines used in assays of the invention may be used
to achueve transient expression ol non-desensitizing TRPMS,
or may be stably transtected with constructs that express a
non-desensitizing TRPMS3S peptide. Means to generate stably
transformed cell lines are well known 1n the art and such
means may be used here. Examples of cells that can be used

in assays of the invention include, but are not limited to
Chinese Hamster Ovary (CHO) cells, COS-7, HelLa, HEK

293, PC-12, and BAF.

Cells used 1n assays of the invention described herein may
be cultured 1n any conventional nutrient media. The culture
conditions, such as media, temperature, pH and the like, can
be selected by the skilled artisan without undue experimen-
tation. In general, principles, protocols, and practical tech-
niques for maximizing the productivity of cell cultures can be
found 1n “Mammalian Cell Biotechnology: a Practical
Approach”, M. Butler, ed. JRL Press, (1991).

Another embodiment of the present invention 1s directed to
1solated non-desensitizing TRPMS5 1on channel polypeptides.
The 1solated polypeptides can have amino acid substitutions,
insertions or deletions that render the TRPMS 10on channel
non-desensitizing. In an embodiment, the non-desensitizing
TRPMS5 1on channel polypeptide 1s encoded by any of the
1solated polynucleotides described above. In another embodi-
ment, the polypeptides contain an amino-terminal polyhisti-
dine epitope tag.

By the term “polypeptide” or “polypeptide sequence” or
“protein sequence” 1s meant the arrangement of amino acid
residues 1n a polymer. Polypeptide sequences can be com-
posed of the standard 20 naturally occurring amino acids, in
addition to rare amino acids and synthetic amino acid ana-
logs. Shorter polypeptides are generally referred to as pep-
tides.
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By the terms “i1solated™ or “purified” protein or “biologi-
cally active portion thereof” 1s meant substantially free of
cellular material or other contaminating proteins from the cell
or tissue source from which the protein 1s dertved, or substan-
tially free of chemical precursors or other chemicals when
chemically synthesized. The language “substantially free of
cellular material” includes preparations of protein 1n which
the protein 1s separated from cellular components of the cells
from which it 1s 1solated or recombinantly produced.

Thus, protein that 1s substantially free of cellular material
includes preparations of protein having less than about 30%,
20%, 10%, or 5% (by dry weight) of heterologous protein
(also referred to herein as a “‘contaminating protein™). When
the protein or biologically active portion thereof 1s recombi-
nantly produced, 1t 1s also preferably substantially free of
culture medium, 1.e., culture medium represents less than
about 20%, 10%, or 3% of the volume of the protein prepa-
ration. When the protein 1s produced by chemical synthesis, 1t
1s preferably substantially free of chemical precursors or
other chemicals, 1.¢., 1t 1s separated from chemical precursors
or other chemicals that are involved in the synthesis of the
protein. Accordingly such preparations of the protein have
less than about 30%, 20%, 10%, 5% (by dry weight) of
chemical precursors or compounds other than the polypeptide
of interest. Isolated biologically active polypeptide can have
several different physical forms. The1solated polypeptide can
exist as a full-length nascent or unprocessed polypeptide, or
as a partially processed polypeptide or as a combination of
processed polypeptides. The full-length nascent polypeptide
can be postranslationally modified by specific proteolytic
cleavage events that result in the formation of fragments of
the full-length nascent polypeptide. A fragment, or physical
association of fragments can have the biological activity asso-
ciated with the full-length polypeptide; however, the degree
ol biological activity associated with individual fragments
can vary. An 1solated or substantially purified polypeptide,
can be a polypeptide encoded by an isolated nucleic acid
sequence, as well as a polypeptide synthesized by, for
example, chemical synthetic methods, and a polypeptide
separated from biological materials, and then purified, using
conventional protein analytical or preparatory procedures.
Therefore, another embodiment of the present invention 1s
directed to a method of making an 1solated non-desensitizing
TRPMS 10n channel polypeptide by culturing a recombinant
host cell that has been transfected or transformed with a
vector containing a polynucleotide sequence encoding a non-
desensitizing TRPMS5 1on channel, under conditions such that
the polypeptide can be expressed and recovered.

Another embodiment of the present invention 1s directed to
identifying compounds that enhance or inhibit TRPMS3 activ-
ity. The non-desensitizing TRPMS3S 10n channel allows for
numerous test compounds to be evaluated for their ability to
enhance or inhibit TRPMS5 activity during the non-desensi-
tizing TRPMS5 1on channel’s prolonged activation period. The
following non-limiting assays serve to illustrate how TRPM5
activity can be measured in the present invention. TRPMS5
activity can be measured as a function of cell membrane
potential, using membrane potential dyes such as Na*, K7,
Th™, L1, or Cs™ sensitive membrane potential or fluorescent
dyes. Cell membrane potential can be measured via an 10on
flux assay, e.g., using a radiolabeled 1on flux assay or an 10n
flux assay that detects 10n flux by atomic absorption spectros-
copy. Cell membrane potential can also be measured by elec-
trophysiological methods e.g., patch clamping, automated
patch clamping or two electrode voltage clamping tech-
niques. Furthermore, 1on channel activity can specifically be
attributed to TRPMY5 through the use of sham controls.
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High-Throughput Screening Assays

Other embodiments of the present invention are directed to
a high throughput screening assay for compounds that modu-
late the activity of TRPMS5. Since regulators of TRPMS are
likely to affect taste sensation, the invention, therefore, pro-
vides a high throughput screening method useful for the 1den-
tification of tastants that may specifically modulate TRPMS.
This method 1s more selective than other screens for com-
pounds that may impact taste because this method employs
both counterscreening, the use of suboptimal dosing, and
prolonged signal detection via a non-desensitizing TRPMS5
ion channel. The prolonged signal detection atfforded by the
non-desensitizing TRPMS3S 10n channel allows for more com-
pounds to be tested before the channel closes. Such methods
can be found 1n co-pending U.S. application Ser. No. 11/392,
080, incorporated herein by reference 1n 1ts entirety.

High throughput refers to processing many compounds 1n
a short time period. For example, using the invention, numer-
ous test compounds may be screened for the ability to modu-
late TRPMS5 activity 1n one hour. This assay can be performed
using a cell that expresses non-desensitizing TRPMS. As used
in the specification and claims, the singular form *““a”, “an”
and “‘the” include plural references unless the context clearly
dictates otherwise. For example, the term “an 1on channel”
includes a plurality of ion channels. The term ““a cell” includes
a plurality of cells.

Cells for use 1n the method of the 1nvention express non-
desensitizing TRPMS3. The cell 1s exposed to a test compound
and the ability of that compound to stimulate opening or to
block opening of the channel 1s measured. The effect of the
test compound 1s determined by measuring the change in the
cell membrane potential after the cell 1s exposed to the com-
pound. A fluorescent dye that responds to changes in cell
membrane potential 1s used for detection. A means of evalu-
ating specificity of the ability of the compound to modulate
the channel 1s performed in parallel with the above described
method. These parallel methods include the use of a potas-
sium chloride counter screen and the use of suboptimal doses
of compounds known to stimulate the channel. For more
detailed information on using counter screens to evaluate
compound specificity for TRPMS, please see U.S. Patent
Application Publication 20070111264 Al, hereby incorpo-
rated by reference in its entirety.

While specific configurations and arrangements are dis-
cussed, 1t should be understood that this 1s done for 1llustrative
purposes only. A person skilled 1n the pertinent art will rec-
ognize that other configurations and arrangements can be
used without departing from the spirit and scope of the
present invention. It will be apparent to a person skilled in the
pertinent art that this mvention can also be employed 1n a

variety of other applications.

The cells used 1n methods of the present invention may be
cell lines transiently or permanently transfected or trans-
formed with the appropriate proteins or nucleic acids encod-
ing them.

Intracellular Calcium Activation

As discussed above, TRPMS 1s a calcium-activated 1on
channel permeable to monovalent cations such as sodium.
Therefore, 1n order to observe channel activity, calcium stores
within the cells must first be activated. There are many meth-
ods to activate intracellular calcium stores and many calcium
activating agents are known 1n the art and include, but are not
limited to thrombin, adenosine triphosphate (ATP), carba-
chol, and calcium ionophores (e.g. A23187). While nanomo-
lar increases 1n calcium concentration ranges are required for
TRPM5 channel activation, the concentration ranges useful
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for the claimed mvention are known 1n the art, e.g., between
10719 to 10~* M for ATP, however, the precise concentration
may vary depending on a variety of factors including cell type
and time of incubation. The increased calcium concentration
can be confirmed using calcium sensitive dyes, e.g., Fluo 3,
Fluo 4, or FLIPR calcium 3 dye and single cell imaging
techniques 1n conjunction with Fura2.

As described below, application of suboptimal doses of
calcium activating agents can be used as a secondary screen
for non-desensitizing TRPMS modulating specificity. Test
cells are incubated with lower doses of the calcium activating
agents described above, such that a fluorescent response that
1s lower than the maximum achievable response 1s generated.
Generally, the dose 1s referred to as the effect concentration or
EC,,.10, Which relates to the effect condition where the fluo-
rescent intensity 1s 20-30% of the maximal response. As used
herein, “EC” refers to eflect condition, such that EC,, refers
to the effect condition where the fluorescent intensity 1s 20%
of the maximal response 1s generated. Upon the addition of a
TRPM35-specific activating compound, this low response will
be increased to at, or near, maximal levels of activation.

Fluorescent Dyes

Voltage sensitive dyes that may be used 1n the assays and

methods of the mvention have been used to address cellular
membrane potentials (Zochowski et al., Biol. Bull. 198:1-21
(2000)). Membrane potential dyes or voltage-sensitive dyes
refer to molecules or combinations of molecules that enter
depolarized cells, bind to intracellular proteins or membranes
and exhibit enhanced fluorescence. These dyes can be used to
detect changes in the activity of an 1on channel such as
TRPMS3, expressed 1n a cell. Voltage-sensitive dyes include,
but are not limited to, modified bisoxonol dyes, sodium dyes,
potassium dyes and thorium dyes. The dyes enter cells and
bind to 1ntracellular proteins or membranes, therein exhibit-
ing enhanced fluorescence and red spectral shifts (Epps et al.,
Chem. Phys. Lipids 69:137-150 (1994)). Increased depolar-
1zation results 1n more intflux of the anionic dye and thus an
increase in fluorescence.

The non-desensitizing TRPMS5 cells of the assay are pre-
loaded with the membrane potential dyes for, for example,
30-240 minutes prior to addition of test compounds. Preload-
ing refers to the addition of the fluorescent dye for a period
prior to test compound addition during which the dye enters
the cell and binds to intracellular lipophilic moieties.

In one embodiment, the membrane potential dyes are FMP
dyes available from Molecular Devices (Catalog Nos. R8034,

R8123). In other embodiments, suitable dyes could include
dual wavelength FRET-based dyes such as DiISBAC?2, DiS-

BAC3, and CC-2-DMPE (Invitrogen Cat. No. K1016).
[Chemical Name Pacific Blue™ 1,2-ditetradecanoyl-sn-
glycero-3-phosphoethanolamine, triethylammonium salt].

Cells are typically treated with 1 to 10 uM butlered solutions
of the dye for 20 to 60 minutes at 37° C.

Dyes that measure intracellular calcium levels are also
used to confirm TRPMJ35specificity. In one embodiment, the
intracellular calcium dye 1s the FLIPR® Calcium 3 dye avail-
able from Molecular Devices (Part Number: R8091). In other
embodiments, suitable dyes such as Fluo-3, Fluo-4 (Invitro-
gen (Cat. Numbers F14242 and F14202) can be used to mea-
sure increases in intracellular calcium. Cells are typically
treated with 1 to 10 uM butfered solutions of the dye for 20 to
60 minutes at 37° C. In some cases 1t 1s necessary to remove
the dye solutions from the cells and add fresh assay builer
betfore proceeding with the assay.
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Assay Detection

Detecting and recording alterations 1n the spectral charac-
teristics of the dye 1in response to changes in membrane poten-
tial may be performed by any means known to those skilled in
the art. As used herein, a “recording” refers to collecting
and/or storing data obtained from processed fluorescent sig-
nals, such as are obtained 1n fluorescent imaging analysis.

In some embodiments, the assays of the present invention
are performed on 1solated cells using microscopic imaging to
detect changes in spectral (1.e., fluorescent) properties. In
other embodiments, the assay 1s performed 1n a multi-well
format and spectral characteristics are determined using a
microplate reader.

By “well” 1t 1s meant generally a bounded area within a
container, which may be either discrete (e.g., to provide for an
1solated sample) or in communication with one or more other
bounded areas (e.g., to provide for fluid commumication
between one or more samples 1n a well). For example, cells
grown on a substrate are normally contained within a well that
may also contain culture medium for living cells. Substrates
can comprise any suitable material, such as plastic, glass, and
the like. Plastic 1s conventionally used for maintenance and/or
growth of cells 1n vitro.

A “multi-well vessel”, as noted above, 1s an example of a
substrate comprising more than one well 1n an array. Multi-
well vessels useful 1n the mvention can be of any of a variety
of standard formats (e.g., plates having 2, 4, 6, 24, 96,384, or
1536, etc., wells), but can also be 1n a non-standard format
(e.g., plates having 3, 5, 7, etc., wells).

A suitable configuration for single cell imaging involves
the use of a microscope equipped with a computer system.
One example of such a configuration, ATTO’s Attofluor®
RatioVision® real-time digital fluorescence analyzer from
Carl Zeiss, 1s a completely integrated work station for the
analysis of fluorescent probes i1n living cells and prepared
specimens (AT'TO, Rockville, Md.). The system can observe
ions either mdividually or simultaneously in combinations
limited only by the optical properties of the probes in use. The
standard 1maging system 1s capable of performing multiple
dye experiments such as FMP (for sodium) combined with
GFP (for transtection) 1n the same cells over the same period
of time. Ratio images and graphical data from multiple dyes
are displayed online.

When the assays of the invention are performed 1n a multi-
well format, a suitable device for detecting changes 1n spec-
tral qualities of the dyes used 1s a multi-well microplate
reader. Suitable devices are commercially available, for
example, from Molecular Devices (FLEXstation® micro-
plate reader and fluid transfer system or FLIPR® system),

from Hamamatsu (FDSS 6000) and the “VIPR” voltage 1on
probe reader (Aurora, Bioscience Corp. CA, USA). The
FLIPR-Tetra™ 1s a second generation reader that provides
real-time kinetic cell-based assays using up to 1536 simulta-
neous liquid transfer systems. All of these systems can be
used with commercially available dyes such as FMP, which
excites 1n the visible wavelength range.

Several commercial fluorescence detectors are available
that can 1nject liquid 1nto a single well or simultaneously nto
multiple wells. These include, but are not limited to, the
Molecular Devices FlexStation™ (eight wells), BMG
NovoStar (two wells) and Aurora VIPR™ (eight wells). Typi-
cally, these mstruments require 12 to 96 minutes to read a
96-well plate 1n flash luminescence or fluorescence mode (1
min/well). Other endpoint microtiter fluorescent readers that
may be used are the Perkin-Elmer Envision® and Labsystems
Fluoroskan II. An alternative method 1s to 1nject the modula-
tor mto all sample wells at the same time and measure the
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luminescence i the whole plate by imaging with a charge-
coupled device (CCD) camera, similar to the way that cal-
cium responses are read by calcium-sensitive fluorescent
dyes 1n the FLIPR®, FLIPR-384® or FLIPR-Tetra™ 1instru-
ments. Other fluorescence 1imaging systems with integrated
liquid handling are expected from other commercial suppliers
such as the second generation LEADSEEKER from Amer-
sham, the Perkin Elmer CellLux™ —(Cellular Fluorescence
Workstation and the Hamamatsu FDSS6000 System. These
instruments can generally be configured to proper excitation
and emission settings to read FMP dye (540_+15 nm,
570, +15 nm) and calcium dye (490_ +15 nm, 330, +15
nm). The excitation/emission characteristics differ for each
dye, therefore, the mstruments are configured to detect the
dye chosen for each assay.

Test Compounds

Test compounds employed in the screening methods of this
invention include for example, without limitation, synthetic
organic compounds, chemical compounds, naturally occur-
ring products, polypeptides and peptides, nucleic acids, etc.

Essentially any chemical compound can be used as a poten-
t1al modulator or ligand in the assays of the invention. Most
often compounds dissolved 1n aqueous or organic (especially
dimethyl sulfoxide- or DMSO-based) solutions are used. The
assays are designed to screen large chemical libraries by
automating the assay steps. The compounds are provided
from any convenient source to the cells. The assays are typi-
cally run in parallel (e.g., 1n microtiter formats on microtiter
plates 1n robotic assays with different test compounds in
different wells on the same plate). It will be appreciated that
there are many suppliers of chemical compounds, including,
ChemDiv (San Diego, Calif.), Sigma-Aldrich (St. Louis,
Mo.), Fluka Chemika-Biochemica-Analytika (Buchs Swit-
zerland) and the like.

“Modulating” as used herein includes any efiect on the
functional activity of non-desensitizing TRPMS5. This
includes blocking or inhibiting the activity of the channel 1n
the presence of, or 1n response to, an appropriate stimulator.
Alternatively, modulators may enhance the activity of the
channel. “Enhance” as used herein, includes any increase 1n
the Tunctional activity of non-desensitizing TRPMS3.

In one embodiment, the high throughput screening meth-
ods 1mvolve providing a small organic molecule or peptide
library containing a large number of potential TRPMS5 modu-
lators. Such “chemical libraries™ are then screened in one or
more assays, as described herein, to 1dentify those library
members (chemical species or subclasses) that display a
desired characteristic activity. The compounds thus identified
can serve as conventional “lead compounds™ or can them-
selves be used as potential or actual products.

A combinatorial chemical library 1s a collection of diverse
chemical compounds generated by either chemical synthesis
or biological synthesis, by combiming a number of chemical
“pbuilding blocks™ such as reagents. For example, a linear
combinatorial chemical library such as a polypeptide library
1s formed by combiming a set of chemical building blocks
(amino acids) in every possible way for a given compound
length (1.e., the number of amino acids 1n a polypeptide com-
pound). Millions of chemical compounds can be synthesized
through such combinatorial mixing of chemical building

blocks.

Preparation and screeming of combinatorial chemical
libraries 1s well known to those of skill in the art. Such

combinatorial chemaical libraries include, but are not limited
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010,175; Furka

Int. J. Pept. Prot. Res. 377:487-493 (1991) and Houghton et al.,
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Nature 354:84-88 (1991)). Other chemuistries for generating,
chemical diversity libraries can also be used. Such chemis-
tries include, but are not limited to: peptoids (e.g., PCT Pub-
lication No. WO 91/19735), encoded peptides (e.g., PCT
Publication No. WO 93/20242), random bio-oligomers (e.g.,
PCT Publication No. WO 92/00091), benzodiazepines (e.g.,
U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
benzodiazepines and dipeptides (Hobbs et al., Proc. Nat.

Acad. Sci. USA 90:6909-6913 (1993)), vinylogous polypep-
tides (Hagihara et al., J. Amer. Chem. Soc. 114:6568 (1992)),
nonpeptidal peptidomimetics with glucose scatfolding (Hir-
schmann et al., J. Amer. Chem. Soc. 114:9217-9218 (1992)),

analogous organic syntheses of small compound libraries
(Chen et al., J. Amer. Chem. Soc. 116:2661 (1994)), oligocar-

bamates (Cho et al., Science 261:1303 (1993)), and/or pepti-
dyl phosphonates (Campbell et al., J Org. Chem. 39:658
(1994)), nucleic acid libraries (see Ausubel, Berger and Sam-
brook, all supra), peptide nucleic acid libraries (see, e.g., U.S.
Pat. No. 5,539,083), antibody libraries (see, e.g., Vaughn et
al., Nature Biotechnology, 14:309-314 (1996) and PCT/
US96/10287), carbohydrate libraries (see, e.g., Liang et al.,
Science, 274:1520-1522 (1996) and U.S. Pat. No. 5,593,853),
small organic molecule libraries (see, e.g., 1soprenoids, U.S.

Pat. No. 5,569,588; thiazolidinones and metathiazanones,
U.S. Pat. No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,

735 and 3,519,134; morpholino compounds, U.S. Pat. No.
5,506,337; benzodiazepines, U.S. Pat. No. 5,288,514, and the
like).

Devices for the preparation of combinatornial libraries are
commercially available (see, e.g., 357 MPS, 390 MPS,
Advanced Chem Tech, Louisville Ky.; Symphony, Rainin,
Woburn, Mass.; 433A Applied Biosystems, Foster City,
Calif.; 9030 Plus, Millipore, Bediord, Mass.). In addition,
numerous combinatorial libraries are themselves commer-
cially available (see, e.g., ComGenex, Princeton, N.JI.;
Asinex, Moscow, Russia; Tripos, Inc., St. Louis, Mo.; Chem-
Star, [.td, Moscow, Russia; 3D Pharmaceuticals, Exton, Pa.:
Martek Biosciences, Columbia, Md.; etc.).

Candidate agents, compounds, drugs, and the like encom-
pass numerous chemical classes, though typically they are
organic molecules, preferably small organic compounds hav-
ing a molecular weight of more than 100 and less than about
10,000 daltons, preferably, less than about 2000 to 5000 dal-
tons. Candidate compounds may comprise functional groups
necessary for structural iteraction with proteins and typi-
cally include at least an amine, carbonyl, hydroxyl or car-
boxyl group, preferably at least two of the functional chemi-
cal groups. The candidate compounds may comprise cyclical
carbon or heterocyclic structures, and/or aromatic or polyaro-
matic structures substituted with one or more of the above
functional groups. Candidate compounds are also found
among biomolecules including peptides, saccharides, fatty
acids, steroids, purines, pyrimidines, derivatives, structural
analogs or combinations thereof.

A variety of other reagents may be included 1n the screen-
ing assay according to the present invention. Such reagents
include, but are not limited to, salts, solvents, neutral proteins,
¢.g. albumin, detergents, etc., which may be used to facilitate
optimal protein-protein binding and/or to reduce non-specific
or background interactions. Examples of solvents include,
but are not limited to, dimethyl sulfoxide (DMSQ), ethanol
and acetone, and are generally used at a concentration of less
than or equal to 1% (v/v) of the total assay volume. In addi-
tion, reagents that otherwise improve the efficiency of the
assay, such as protease inhibitors, anti-microbial agents, etc.




US 7,875,452 B2

21

may be used. Further, the mixture ol components in the
method may be added in any order that provides for the
requisite binding.

The compounds i1dentified using the disclosed assay are
potentially usetul as ingredients or flavorants in ingestible
compositions, 1.e., foods and beverages as wells as orally
administered medicinals. Compounds that modulate taste
perception can be used alone or in combination as flavorants
in foods or beverages. The amount of such compound(s) will
be an amount that yields the desired degree of modulated taste

perception of which starting concentrations may generally be
between 0.1 and 1000 uM.

EXAMPLES

Example 1

Imaging-Based High Throughput Screening Assay
Using Transiently-Transfected Cells

As described 1n greater detail below, HEK 293 cells, tran-
siently transfected with a plasmid bearing a non-desensitizing
hTRPMS3, were used to develop a high throughput screening
assay. Indirect measurement of the changes in Na™ ions
within the HEK 293 cells were made using a FMP dye and
stimulation of the cells using calcium activating agents.

Plasmid Construction

First strand ¢cDNA was synthesized by Thermoscript™

RT-PCR System (Invitrogen) from human small intestine
poly A+RNA (BD Biosciences) and the tull length hTRPM3
was amplified by PCR using GC Melt (BD Biosciences). The
product was PCR purified by Pure Link™ PCR Purification
(Invitrogen) and 1nserted into a vector using the TOPO TA
Cloning®Kit (Invitrogen). After sequencing, 6 mutations
were Tound and corrected using the Quick Change® Multi
Site Directed Mutagenesis Kit (Stratagene) in 2 rounds of

PCR. Three mutations were corrected 1n each round of PCR.
The final "'TRPMS nucleotide sequence (SEQ ID NO: 1) 1s

shown 1 FIG. 1. The tull length hTRPMS5 nucleotide
sequence was excised from the TOPO® TA vector using the
EcoRI and Notl restriction enzymes and ligated into the
pENTR™ 3C vector (Invitrogen), which had also been
digested with EcoRI and Notl. The insert and vector bands
were gel extracted and purified using the SNAP™ Gel Puri-
fication Kit (Invitrogen). Finally, LR Recombination Reac-
tion (Invitrogen) was used to 1nsert the entry clone mto des-
tination vectors of interest (e.g., pIT-Rex-DEST™-30,

pcDNA-DEST™-33, pcDNA 3.2/v5-DEST™, pcDNA 6.2/
V5-DEST™ and pcDNA-DEST™-26). The pcDNA-
DEST™-26 (Invitrogen) destination vector already contains
a hexahistidine tag that allows for the creation of an amino-
terminal polyhistidine epitope tagged (His),-TRPMS5 1on
channel. Bacteria were transformed with the resulting
pcDNA-DEST™-26-(His),-h' TRPMS vector now encoding
amino-terminal polyhistidine epitope tagged hTRPMS.
Transformed bacteria were grown in culture and subse-
quently lysed to confirm the presence of the nucleotide
sequence encoding amino-terminal polyhistidine epitope
tagged hTRPMSJS, through the isolation and subsequent
restriction endonuclease digestion of plasmid DNA. FIGS.
2A and 2B. show the commercially available pcDNA-DEST-
26™ vector used to carry the cDNA of the non-desensitizing
TRPMS5 1on channel and the resulting translated protein
sequence (SEQ ID NO: 2) of the non-desensitizing (His),-
TRPMS5 10n channel.

10

15

20

25

30

35

40

45

50

55

60

65

22

Transtiection

5.0x10° HEK 293 cells (ATCC) were plated in a 10 cm
culture dish at 37° C. 1n a CO,, incubator 1n Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) supplemented with 10% Fetal
Bovine Serum (FBS) and Penicillin-Streptomycin Solution.

The following day, medium 1n the culture dish was exchanged
with 15 mL of DMEM/10% FBS over a period of 3 hours.

Prior to cell transtection, 24 ug of pcDNA-DEST-26-(His),-
hTRPMS3S was incubated 1 a 5 mL polypropylene tube for 5
minutes at room temperature in 1.5 mL of OPTI-MEM media
(Invitrogen). In a separate 5 mL polypropylene tube, 42 uL. of
Lipofectamine™ 2000 (Invitrogen) was incubated for 5 min-

utes at room temperature in 1.5 mL of OPTI-MEM media.
After the 5 minute incubation period, the pcDNA-DEST-26-

(His),-h'TRPMS and Lipofectamine™ 2000 solutions were
mixed together and incubated for an additional 20 minutes at
room temperature. The entire mixture was then added to the
dish containing naive HEK 293 cells and 15 mL DMEM/10%
FBS and incubated overnight at 37° C. in a CO, 1ncubator.
The following day, the cells were trypsinized and then plated
on 384-well poly-D-lysine coated black clear bottom plates at
12,000 cells per well and 1incubated overnight at 37° C. 1n a
CO, incubator overnight. Plates were then assayed on a

FLIPR Tetra reader as described.

Membrane Potential Assay

100 ul of the Blue or Red FMP dye (Molecular Devices)
was added to each well of plates seeded with HEK cells
transiently transfected with pDEST-26™-(His).-h'TRPM 5.
The plate was then 1incubated 1n a 37° C. /5% CO, incubator
for 1 hour. The plate was read 1n a FLEXStation™ microplate
reader (Molecular Devices) with an excitation of 530 nm and
an emission of 565 nm. The fluorescence was monitored for 3
minutes upon exposure of the cells to a calcium activating

agent (carbachol, thrombin peptide or ATP).

Results

The pDEST™-26-(His).-hTRPMS5 plasmid was readily
expressed as demonstrated below by providing a response to
stimuli 1n contrast to untransiected parentals. Demonstration
of TRPMS3 response to stimuli 1s shown m FIG. 3. Cells
transtected with either wildtype hTRPMS DNA, non-desen-
sitizing (His).-hTRPMS DNA or PSV3 Neo were loaded with
FMP dye and then treated with 10 uM ATP and monitored for
an increase 1n cellular fluorescence in the FLEXstation™.
The cells transfected with PSV3 Neo show no significant
response to the application of ATP. Cells transfected with
wildtype hTRPMS5 DNA showed an 1nitial activation of the
ion channel as evidenced by an increase 1n fluorescence last-
ing about 30 seconds followed by rapid inactivation. Cells
transtected with non-desensitizing (His),-h'TRPMS DNA
showed an 1nitial activation of the 1on channel as evidenced
by an increase 1n tluorescence. However, these non-desensi-
tizing (His),-hTRPMS5 cells do not exhibit a rapid 1nactiva-
tion of the 10n channel and therefore fluorescence 1s observed
at significant levels for more than 3 minutes. These results
show that the non-desensitizing (His).-hTRPM 5 10n channel
1s usetul for HTS assays that require a signal that lasts more
than 30 seconds.

Example 2

Electrophysiology-Based High Throughput

Screening Assay Using Transiently-Transfected
Cells

Whole-cell recordings of TRP channel currents were
obtained from acutely trypsinized h'TRPMS5- and (His),-
hTRPMS expressing HEK 293 cells. The bath solution con-
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sisted of Hank’s Balanced Salt solution comprising 1.2 mM
CaCl,, 0.5 mM Mg(Cl,-6H,O, 0.4 mM MgSO,-7H,0, 5.3
mM KCl, 0.4 mM KH,PO,, 137.9 mM NaCl, 0.3 mM
Na,HPO,-7H,O, and 5.5 mM D-Glucose, with 20 mM
HEPES (Imfltrogen) pH 7.4 (NaOH). The internal pipette
solution contained 135 mM glutamic acid, 8 mM NaCl, 9 mM
CaCl,, 10 mM HEPES and 10 mM EGTA, pH 7.2 (CSOH)
(S1igma). The calculated concentration of free calcium in the
internal solution was 1.5 uM. Recording pipettes were pulled
using a Flaming/Brown Micropipette Puller (Sutter Instru-
ments), from {fire-polished borosilicate glass, to approxi-
mately 2 ME. Voltage clamp recordings were obtained in
whole cell mode using MultiClamp 700B amplifier and Digi-
data 1322A converter runming on Clampex 9.2 software
(Axon Instruments). Recordings were performed at room
temperature. The recording protocol consisted of a ramp from
-80 mV potential to +80 mV, followed by a step to —80 mV.
Series resistance was automatically compensated immedi-
ately after the break-in. Data were filtered at 1 kHz and
sampled at 5 kHz.

Demonstration of non-desensitizing (His),-h'TRPMS
response to itracellular calcium increases 1s shown 1n FIG. 4.
In panel A, cells transfected with wildtype hTRPM5-express-
ing HEK 293 cells show rapid activation followed by rapid
inactivation as measured by changes in current. In panel B,
non-desensitizing (His).-hTRPMS expressing HEK 293 cells
show rapid activation. In panel B, the current changes do not
reflect a rapid 1nactivation. Increased current levels are sus-
tained for more than 2 minutes. In practice of the art, the
prolonged signal in FIG. 4B enables repeated addition of
compounds during a stable current response.

Example 3

High Throughput Screening Assay Using
Suboptimal Concentrations of Calcium-Activating
Agents

Specificity of potential TRPMS3 activating compounds may
be 1dentified using suboptimal concentrations of agents that
increase intracellular calcium levels. In this type of assay,
rather than using a high concentration of, for example carba-
chol, a reduced concentration can be added to non-desensi-
tizing (His),-h TRPMJ5-expressing cells with or without an
additional test compound. Enhancers of TRPMS5 activity are
those test compounds that increase the fluorescent intensity in
reduced carbachol treated cells, to the level seen 1n cells
treated to a high dose.

A carbachol dose response curve can be generated for the
non-desensitizing (His).-hTRPMS expressing cells so that
the suboptimal concentration range could be determined.
Cells expressing non-desensitizing (His),-h TRPMS5 can be
incubated with an EC, ,-EC,, level of carbachol (0.3 to 1 uM)

prior to addition of test compounds. Mock incubated and

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>
220>

SEQ ID NO 1

LENGTH: 3612

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :
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EC, 4, treated cells can be used as controls. Test compounds
that increase the fluorescent intensity of EC,,-EC,, treated

cells to levels approaching EC, ,, treated cells can be classi-
fied as activators of TRPM3.

Example 4
KCl1 Counterscreen for TRPM3 Specificity

Kl activates a number of 10on channels, but not TRPMS.
Therefore, KC1 can be used as a counterscreen to identily
modulating compounds specific for TRPMS5.

The 1deal blocker would block non-desensitizing TRPMS
but not other channels. The TRPMS5 assay can be conducted
as described in Example 3, utilizing a membrane potential
dye. A test compound can be added, and the cells are then
stimulated with ATP to trigger the channel, leading to a dye
response. The process 1s shown schematically 1n FIG. 5. The
KCl counterscreen can be performed as described in Example
3, with 1dentical cells, pretreated with the same compound,
but the stimulus 1s 20 mM KCI, not ATP.

The KCl1 counterscreen 1s also usetul for the identification
of selective TRPMY5 enhancing compounds.

Example 5

Effects of Enhancer Compounds on
Non-Desensitizing (His),-h' TRPMS

Cells transtected with non-desensitizing (His),-hTRPMS
DNA were loaded with FMP dye and then treated with 10 uM
ATP and monitored for an increase 1n cellular fluorescence in
the FLEXstation™. Fluorescence, as recorded in relative
light units, for the High Control (10 uM ATP) 1s shown 1n blue
in FIG. 6. Fluorescence, recorded 1n relative light units, for
the combined application of an enhancer compound,
[.G6900431, and the High Control 1s shown 1n green 1n FIG.
6. The additional application of the enhancer compound to the
non-desensitizing (His).-hTRPMS3 10n channel produced an
increase in relative light units measured. As in the case of the
High Control, the enhancer/High Control application resulted
in the non-desensitizing (His)-h' TRPMS5 remaining open for
at least 100 seconds.

While various embodiments of the present invention have
been described above, 1t should be understood that they have
been presented by way of example only, and not limitation. It
will be apparent to persons skilled in the relevant art that
various changes 1n form and detail can be made therein with-
out departing from the spirit and scope of the invention. Thus,
the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents. All publications, pat-
ents and patent applications cited herein are incorporated by
reference 1n their entirety into the disclosure.
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human ion channel TRPMBS

<400> SEQUENCE: 1

atggcgtact

ggctctttaa

gatgtccaag

ttgcacaggy
gtgccgagcg
ccggecccca
tggctgceggy
atcctgacca
cactcgetgy
ggccgegtcec
cctgaggatyg
ttcatcctygy
aggctggaga
atccctgtcec
gcegtggagce
cttgctgccc
aaggagaagt
ctgcagaaca
tccgaggagc
caggagcctc
atcgccaaga
gtgatggtgg
ggcgcagacg
tcacgcaaga
ctggceggcec
ctgcacgagy
caggacggcc
ggccagaagt
ctgtgggccy
gaaggtgtgyg
acyggaggcecy
ctcttetecyg
aaccgctgcet
ttctttgcece
gcaggcacgc
aacctcatca

ctggacagcc

accatcacca

aggaaccaat

gcccecceccegtcec

gcgaggtcaa

gagtggcccc

acctggtggt

atgtgctgcyg

gtgccctecy

ccagcacgtc

tgcaccgccy

acqdgcgdygcadg

tggagccagg

agcacatctc

tctgettygcet

aggctgceccc

tagtgaacca

tccccagcaa

tcacctcaca

tggacacggt

aggactatct

gtgagatctt

acgccctggt

tggccgactt

gcctgetcett

tgggcaccca

tcteececgegt

ggccaggygyga
ggctgctgga
tgctgcagaa
cagccgcact
aggcggceccy
agtgctacag
ggagcaagac
acgacggcgt
ccatcctgceg

ccttcagtga

tggacacgga

tcaccatcac

tcagtcgact

cggaagcccc

ctttggaggg

gtctgtgctc

gtccctggty

caaggggctg

cgtgggcctg

caccaaggtc

cattctggag

ccagggceccc

ccococcaegyggy

ggagcagady

ggtcaatggt

gtggctgatc

gccccacctc

gcatttctct

ccagcacctyg

catcctgaag

ggatgagctc

caatggggac

cagcaacadada

cctgacgtat

cgacctgcty

gcagqCccCcdy

actcaaggac

ccdcagyady

cctgaaccag

ccgcocacgag

ggctgcctgce

agccacgcgc

caacagtgag

cacctgcctyg

tcaggccttc

gctgctagga

ggaagctccc

gaagagcccg

tctagatcaa

ggatccggta
ggggatgctyg
tctgggaaga
tttgacctgce
ggtgaggagc
gtgaaggcgg
gccaggcacyg
cgtgtggttyg
gaggcccagyd
ctctgttcac
aagggcgatg
gcgggctacy

gatcccaaca

ctggtaggcet

ctggtgccca

tgggaggaca

ctcaccgtgt

gcgetggtga

aagctggccy

gtggagtgga

cccgagtttyg

gggcggetgce

cagcggaagc

gagccacccyg

ttcctgcagy

geggagaadgy

aagagcgaga

atggccacct

aaaatcctca

gaggcgaaat

gcccecgegect

cacctggcca

ctgaccagga

gccttectet

ctgaggacag

ctgtatggcec
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caagtttgta

ccgaattcege

aagaccggcyg

agcgaggcaa

tgcttgctga

agcctttcege

ctcagagcac

tcgggcaggc

ctgtcggcat

aggattttcc

tggacagcaa

ggctgacgga

ggggcactgyg

ccttggagag

cggggggceat

aggtggccga

tcgtgcecgetyg

atgacttcga

aagcctgcaa

tggcctggga

agtcctgtga

tgcgccetcett

aggagctcta

aggaggaggc

cggggecacc

acgcctgecy

gccecggcocaa

acccctggceg

acttctgggce

aagagatgtc

acgagcggcet

tcgcccectget

ccgaggctga

tctggtgggy

gcccogecct

gcctggagga

tgcagagccy

cadaadaagcd

caccatgcag

ggagctgggc

gtttgtacgyg

gtggcacctyg

catgaagtcc

aggagcctgg

cgtgcgcgac

ggcctcegcetyg

tgtccactac

cctcecteccac

gctgeggcetyg

cagcatcgag

gatctccagy

cgccgatgtyg

gaagcagttt

gaccaagctyg

gcaggaggge

gagccacagc

ccgegtggac

cctggaggag

tgtggacaac

ccgcecteegtyg

ccggcetgacyg

ggccttetec

aggcttctac

gcggcoccacy

ggacctgttc

catgggccag

gcacctggag

ggcccttgac

ggtgcgecgy

cgccaaggcc

ggacatggcc

cgtctatacc

cctgcaggac

ggtggaggag

Synthetic coding region for a hexaHilis tag and

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220
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ctggtggagg
cgctggegga
ttcgecttec

ggcccctecag

atccggcagy

gtgggggaca
acctgcagga
atggtgttca
atcatcgtygg
tggctcecgtygy
gagtggatct
ctggacgaga
tcaccatcct
ctgttggtca
caggtggtgc
gagtaccacyg
acgctccgcc
ctgccagacc
ctgagcaaga
cacagagtgg
aagtgtctygg
ctggcccagy
gctgetgacce
tcggacacat
<210>
<21l>
<212>
<213>

<220>
<223 >

cgccgagyycC

aattctgggy

tctteoctgtt

ggcccgaggt

gcttcttcac

actggaacaa

tgctgcecgtc

cgctgeggcet

tagagcgcat

cctacggtgt

tcegecgggt

ttgatgaagc

gccccagect

ccaatgtgcet

agggcaacgc

agcegeeccecgc

gggtcttcaa

ccectggacca

tggagaagcg

acttcattgc

agtcacagat

gtggceggtcec

acagaggtgyg

ad

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:
aclid linker which

1199
PRT

<400> SEQUENCE: 2
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tcagggtgac
cgctceccegtyg
cacctacgtc
caccctcectac
agacgaggac
gtgtgacatyg
ggcgtttgag
gatccatatc
gatgaaggac
caccacccag
gctctaccgy
ccgtgtgaac
ctatgccaac
gctcatgaac
agacatgttc
cctggecocceg
gaaggaggct
gaaggtcgtc
gaggagggac
caagtacctc
caactactgc
ccggagetcet

tttagatggc

cgaggcaccac

actgtgttcc

Ctgﬂtggtgg

ttoctgggtet

acacacctgyg

gtggccatct

gctggccogca

tttgccatac

gtcttettet

gcgcetgetge

ccetaccectgce

tgctccaccc

tggctggtca

ctgctcatceg

tggaagttcc

cccttcecatcec

gagcacaagc

acctgggaga

agcygagyygygy

ggggggctga

tcggtgcetey

cagcactgtyg

tgggaacaac
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gtgctgtett

tggggaacgt

acttcaggcc

ttacgctggt

tgaagaagtt

tcoctgtteat

cagtcctcgce

acaagcagct

CCcCtCcttctt

acccccatga

agatcttecgy

acccactgct

tcctecectget

ccatgttcag

agcgctacaa

tgctcagcca

gggagcacct

cagtccagaa

aggtgctgcg

gagagcaaga

tgtcctecgt

gegaggdaad

ccggggetgyg

cctgctcaca

ggtcatgtac

gccecoccocag

gctggaggaa

cacactgtat

Cgtgggtgtﬂ

catggacttc

gggccccaag

tctgagcegtyg

cggcecegecty

ccagatceccca

gctggaggac

ggtcaccttc

ctacacgttc

cctgattgtyg

cctgagectyg

gdadagadac

ggagaacttc

gaaaaccgcc

aaagcgcatc

ggctgacgtg

ccagctggty

ccagcctecc

Hig His His His

1

Gly

Ala

Ala

Gly

65

Val

Pro

Sexr

Thr

Glu

50

Gly

2la

ala

Leu

Met

35

ASP

Ser

Pro

Pro

Lys

20

Gln

ATg

Gly

Ser

Agn
100

His
5

Glu

AsSp

Arg

Val
85

Leu

His

Pro

Val

Glu

Lys

70

Leu

Val

Ser

Tle

Gln

Leu

55

Arg

Phe

Val

ATy

Gln

Gly

40

Gly

Gly

ASP

Ser

Ser

Ser

25

Pro

Leu

Leu

Leu
105

Thr
10

Thr

Arg

His

Phe

Leu

S0

Val

Ser

Gly

Pro

ATYg

Val

75

Leu

Gly

Leu

Ser

Gly

Gly

60

ATYg

Ala

Glu

Gly

Ser

45

Glu

val

Glu

Glu

Thr
20

Pro

Val

Pro

Trp

Gln
110

Lys

15

Glu

Gly

Agn

Ser

His

S5

Pro

2la

Phe

ASDP

Phe

Gly

80

Leu

Phe

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3612

Synthetic hexaHis tag followed by a 28 amino
18 followed by human ion channel TRPM5
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Ala

Ala

Gly

145

Ser

Gly

Pro

Ser

Pro

225

Hig

Tle

ATg

Gly

Hig

305

Pro

Leu

Glu

Val

Glu

385

Glu

Val

Phe

Leu

Leu

4165

Gly

Leu

ATrg

Met

2la

130

Leu

Thr

Arg

Val

Leu

210

Gly

Tle

Pro

Ile

Ser

290

Leu

Sexr

Gln

Gln

Lys

370

Leu

Ile

Met

Val

Gln

450

Leu

Thr

His

Gly

Lys

115

Gln

Ala

Ser

Val

His

195

ASP

Ser

Val

Ser

275

Gly

Leu

Agn
Glu
355

Ala

Phe

Val

ASP

435

Glu

Gln

Gln

Glu

Phe
515

Ser

Ser

ATg

Thr

Leu

180

Ser

Gly

Glu

Leu

260

ATJg

Gly

Val

His

Tle

340

Gly

Leu

Agn

ASDP

420

Agn

Leu

ATrg

Gln

Val
500

Trp

Thr

Hig

Lys

165

His

Pro

AsSn

Asp

Gln

245

Ala

Tle

Pro

Phe

325

Thr

Ser

2la

Gly
405

2la

Gly

Ala
485

Ser

Gln

Leu

Gly

Val

150

Val

ATrg

Glu

Leu

Gly

230

ATrg

Leu

Val

Ala

Lys

310

Ser

Ser

Glu

Ser

Val

390

ASP

Leu

Ala

ATrg

Gln

470

ATg

ATrg

ASpP

29

Arg
Ala
135
Gly
Arg
Arg
Asp
Ser

215

Leu
bAla
Leu
Glu
Asp
295
Val
Trp
Hig
Glu
His
2375
Ala
Val
Val
AsSp
Ser
455
Glu
Glu

Val

Gly

ASP

120

Trp

Gln

Val

Tle

ASpP

200

His

Thr

Gly

Val

Gln

280

Val

2la

Glu

Gln

Leu

360

Ser

Trp

Glu

Ser

Val

440

Val

Glu

Pro

Leu

ATrg
520

Val

Tle

Ala

Val

Leu

185

Gly

Phe

Glu

Agn

265

Ala

Leu

Glu

ASP

His

345

ASP

Gln

ASP

Trp

Agn

425

Ala

Ser

Ala

Pro

Lys

505

Pro

Leu

Leu

Val

2la

170

Glu

Gly

Tle

Leu

Gly

250

Gly

ala

2la

Tle

330

Leu

Thr

Glu

Arg

Lys

410

ASp

Arg

Arg

2la

490

ASp

Gly

ATrg

Thr

ATYg

155

Val

Glu

Ser

Leu

ATYg

235

Gly

ASpP

Pro

Ala

Gln

315

Val

Leu

Val

Pro

Val
395
Ser

Pro

Phe

Leu
475
Gly

Phe

ASpP

-continued

Lys

Ser

140

ASDP

Gly

Ala

Gln

Val

220

Leu

Thr

Pro

Trp

Leu

300

Phe

ATrg

Thr

Ile

Gln

380

ASpP

Glu

Leu

Ser

460

Thr

Pro

Leu

AYg

Gly

125

Ala

Hig

Met

Gln

Gly

205

Glu

Arg

Gly

ASn

Leu

285

val

Trp

Vval

Leu

365

Asp

Tle

Asp

Phe

Thr

445

Leu

Leu

Pro

Gln

Arg
525

Leu

Leu

Ser

Ala

Glu

190

Pro

Pro

Leu

Ser

Thr

270

Ile

Agn

Glu

Thr

Tyr
350

Ala

Leu

Val

430

Leu

Ala

Ala

ASP

510

ATrg

Val

ATrg

Leu

Ser

175

ASpP

Leu

Gly

Glu

Tle

255

Leu

Leu

Gln

Lys
335
ASP

2la

Leu

Glu

415

Arg

Gly

Phe

Gly

Phe

495

Ala

2la
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Val
2la
160

Leu

Phe

Pro

Lys

240

Glu

Glu

Val

Pro

Phe

320

Leu

Phe

Leu

ASp

Ser

400

Glu

Leu

ASp
Leu
480

Ser

Glu
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AsSn
545
Leu

Glu

Ser

Ser

625

Ser

Phe

Gly

Leu

Ala

705

ASp

Leu

Phe

Phe

Tyr

785

Pro

Tle

Phe

Tle

Phe

865

Leu

Tle

Phe

Leu

Gly

530

Gln

Gln

Gly

His

Tyr

610

Glu

Phe

ASp

Cys

690

Pro

Thr

Val

Leu

Leu

770

Val

Glu

ATrg

Thr

Phe

850

Glu

ATy

Tle

Leu

His

530

ATrg

Pro

Agn

Val

Leu

595

Glu

Ala

Thr

Ala

Met

675

Pro

Leu

Glu

Glu

Leu

755

Gly

Leu

Val

Gln

Leu

835

Leu

Ala

Leu

Val

Ser

915

Pro

Pro

Ala

Ser

ATg

Ala

580

Glu

ATrg

ATJg

Thr

His

660

Ala

Ala

ATJg

Ala

740

Thr

Agn

Leu

Thr

Gly

820

Phe

Gly

Ile

Val

900

Val

His

Glu

His

565

Ala

Thr

Leu

Ala

Cvys

645

Asp

Ala

Leu

Thr

Ser

725

Pro

ATy

Vval

Val

Leu

805

Phe

Val

Tle

Arg

Hig

885

Glu

Trp

AsSp

Leu

ATrg

AsSn

550

Glu

Ala

Glu

Ala

Phe

630

Leu

Gly

Gly

Val

Gly

710

Pro

ATrg

Trp

Vval

ASpP

790

Phe

Gly

Vval

Thr

870

ITle

ATrg

Leu

Gly

Gln

31

Pro
535
Pro
Met
Leu
bAla
Leu
615
Ala
Hig
Val
Thr
Tvyr
695
Leu
Leu
Ala
Arg
Met
775
Phe
Phe
Thr
Asp
Gly
855
Val
Phe
Met
Val
Arg

535

Tle

Thr

Trp

2la

2la

Glu

600

ASP

Leu

Leu

Gln

Pro

680

Thr

Glu

Gln

Lys

760

ATy

Trp

ASP

Agn

840

Val

Leu

Ala

Met

Ala

920

Leu

Phe

Gly

ATrg

Thr

Ala

585

Ala

Leu

Leu

Ala

Ala

665

Tle

Agn

ASP

Gly

Gly

745

Phe

Phe

Pro

Val

Glu

825

Trp

Thr

Ala

Ile

Lys

905

Glu

Gly

Gln

ASP

Tyr

570

2la

Phe

Val

Thr

650

Phe

Leu

Leu

Leu

Leu

730

ASp

Trp

2la

Pro

Phe

810

ASp

Agn

Met

Hisg

890

ASp

Gly

Trp

Gln

Leu
555

Phe

Arg

Ser

AYg

635

Glu

Leu

Arg

ITle

Gln

715

Gln

ATrg

Gly

Phe

Pro

795

Thr

Thr

Arg

ASpP

875

Val

Val

Ile

ITle

-continued

Trp

540

Phe

Trp

Ile

Ala

Glu

620

ATY(

Ala

Thr

Leu

Thr

700

ASP

Ser

Gly

Ala

Leu

780

Gln

Leu

Hig

Met

860

Phe

Gln

Phe

Thr

Phe

540

Pro

Leu Leu AsSp

Leu

Ala

Leu

Thr

605

Asn

Asp

Arg

Leu

685

Phe

Leu

Arg

Pro

Pro

765

Phe

Gly

Val

Leu

Asp

845

Leu

Met

Leu

Phe

Thr

925

Arg

Leu

Trp

Met

Lys

590

ATrg

ATg

Ala

Tle

670

Gly

Ser

ASP

Val

ATrg

750

Val

Leu

Pro

Leu

Val

830

Met

Pro

Val

Gly

Phe

910

Gln

Arg

ASP

Ala

Gly

575

Glu

Glu

Ser

Lys

655

Trp

Ala

Glu

Ser

Glu

735

2la

Thr

Phe

Ser

Glu

815

Val

Ser

Phe

Pro

895

Leu

2la

Val

Glu
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Leu

Val

560

Gln

Met

Ala

Agn

Trp

640

Ala

Trp

Phe

Glu

Leu

720

Glu

Val

Val

Thr

Gly

800

Glu

2la

Ala

Thr

880

Phe

Leu

Leu

Tle

32
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33 34

-contilnued
945 950 955 960
Asp Glu Ala Arg Val Asn Cys Ser Thr His Pro Leu Leu Leu Glu Asp
965 970 075
Ser Pro Ser Cys Pro Ser Leu Tyr Ala Asn Trp Leu Val Ile Leu Leu
980 085 990
Leu Val Thr Phe Leu Leu Val Thr Asn Val Leu Leu Met Asn Leu Leu
995 1000 1005

Ile Ala Met Phe Ser Tyr Thr Phe Gln Val Val Gln Gly Asn Ala
1010 1015 1020

Asp Met Phe Trp Lys Phe Gln Arg Tyr Asn Leu Ile Val Glu Tvyr
1025 1030 1035

Hig Glu Arg Pro Ala Leu Ala Pro Pro Phe Ile Leu Leu Ser His
1040 1045 1050

Leu Ser Leu Thr Leu Arg Arg Val Phe Lys Lys Glu Ala Glu His
1055 1060 1065

Lys Arg Glu His Leu Glu Arg Asp Leu Pro Asp Pro Leu Asp Gln
1070 1075 1080

Lys Val Val Thr Trp Glu Thr Val Gln Lys Glu Asn Phe Leu Ser
1085 1090 1095

Lys Met Glu Lys Arg Arg Arg Asp Ser Glu Gly Glu Val Leu Arg
1100 1105 1110

Lys Thr Ala His Arg Val Asp Phe Ile Ala Lys Tyr Leu Gly Gly
1115 1120 1125

Leu Arg Glu Gln Glu Lys Arg Ile Lys Cys Leu Glu Ser Gln Ile
1130 1135 1140

Asn Tyr Cys Ser Val Leu Val Ser Ser Val Ala Asp Val Leu Ala
1145 1150 1155

Gln Gly Gly Gly Pro Arg Ser Ser Gln His Cys Gly Glu Gly Ser
1160 1165 1170

Gln Leu Val Ala Ala Asp His Arg Gly Gly Leu Asp Gly Trp Glu
1175 1180 1185

Gln Pro Gly Ala Gly Gln Pro Pro Ser Asp Thr
1190 1195

What 1s claimed 1s: 4 6.A method of making an isolated polypeptide comprising;

(a) culturing the host cell of claim 5 under conditions such
that said polypeptide 1s expressed; and (b) recovering said
polypeptide.

7. An 1solated host cell comprising the vector of claim 4.

8. A method of making an isolated polypeptide comprising:
(a) culturing the host cell of claim 7 under conditions such
that said polypeptide 1s expressed; and (b) recovering said
polypeptide.

1. An 1solated polynucleotide, wherein the polynucleotide
has the sequence of SEQ ID NO: 1.

2. An 1solated polynucleotide, wherein the polynucleotide
encodes a non-desensitizing TRPMS5 1on channel having the
sequence of SEQ 1D NO: 2. >0

3. A recombinant vector comprising the isolated poly-
nucleotide of claim 1.

4. A recombinant vector comprising the isolated poly-
nucleotide of claim 2.

5. An 1solated host cell comprising the vector of claim 3. S I
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